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c o n t r i b u t i o n t o f i r m power w i t h t h e e x p l o i t a t i o n o f p a i r s 
o f t i d e m i l l s s i t u a t e d i n o u t - o f - p h a s e s t r e a m s . 
I n the second p a r t o f t h e work t h e g e n e r a l problems 
o f t i d a l s t r e a m p r e d i c t i o n and d e s c r i p t i o n a r e d i s c u s s e d 
and a new approach s u g g e s t e d . 
T i d a l streams a r e m o d e l l e d u s i n g a h i g h r e s o l u t i o n 
n u m e r i c a l scheme. The model d e v e l o p e d i n v o l v e s the 
s o l u t i o n o f t h e f u l l y n o n - l i n e a r , d e p t h a v e r a g e d 
hydrodynamic e q u a t i o n s w i t h a g r i d s p a c i n g o f 740m. The 
scheme i n c l u d e s a s i m p l i f i e d t e c h n i q u e t o model c o a s t a l 
d r y i n g r e g i o n s . 
R e s u l t s o f m o d e l l i n g i n d i c a t e t h e l o c a t i o n s o f a 
number o f s i t e s o f f each i s l a n d where t h e p o t e n t i a l power 
o u t p u t p e r d e v i c e exceeds 300kW(rated). L e v e l s of 
deployment a r e d i s c u s s e d f o r each o f t h e i s l a n d s and i n 
the c a s e s o f J e r s e y and Guernsey l e v e l s o f 2MW are 
sug g e s t e d and a c o n t r i b u t i o n t o f i r m power demo n s t r a t e d . 
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Nomenclature & A b b r e v i a t i o n s 
Symbol U n i t s 
a v a i l a b i l i t y o f p l a n t 
2 
c o e f f i c i e n t o f h o r i z o n t a l eddy v i s c o s i t y ra /s 
m^ 
^s 
t i d a l a n g l e 
a m p l i t u d e o f s t r e a m m/s 
a m p l i t u d e o f S2 s t r e a m m/s 
A2 a m p l i t u d e o f s p e c i e s 2 m 
A^ a m p l i t u d e o f s p e c i e s 4 m 
A, a m p l i t u d e o f s p e c i e s 6 m 
2 
a h o r i z o n t a l a c c e l e r a t i o n m/s 
a,b,c,d F o u r i e r c o e f f i c i e n t s 
C v e l o c i t y i n complex p l a n e 
d r a g c o e f f i c i e n t C i n e r t i a c o e f f i c i e n t m 
C^,C_ a n t i c l o c k w i s e , c l o c k w i s e r o t a r y components 
o f C r e s p e c t i v e l y 
C' v e l o c i t y i n complex p l a n e r e f e r r e d t o the 
s e m i - a x i s major o f s d e l l i p s e 
D d e p t h o f c r e s t o f w e i r m 
d i a m e t e r m 
maximum w a t e r d e p t h m 
DX,DY s p a t i a l i n c r e m e n t s i n x,y d i r e c t i o n m 
DX mean v a l u e o f DX m m 
d w a t e r d e p t h m 
E s u r f a c e e l e v a t i o n • ra 
2 
v e r t i c a l eddy v i s c o s i t y m /s 
e q u i l i b r i u m p h a s e - l a g , i t h c o n s t i t u e n t ° 
E mean v a l u e o f s u r f a c e e l e v a t i o n m m 
e shape f a c t o r 
e2,e^,eg p h a s e - l a g s f o r s p e c i e s 2,4,6 ° 
F wave f o r c e N 
Fj^ d r a g f o r c e p e r u n i t l e n g t h N/m 
F j i n e r t i a f o r c e p e r u n i t l e n g t h N/m 
f o r c e p e r u n i t l e n g t h N/m 
F. qd s h a l l o w w a t e r c o r r e c t i o n (ATT) m 
f g e o s t o p h i c c o e f f i c i e n t , 2 s i n 0 s 
f ^ n o d a l f a c t o r ( a m p l i t u d e ) , i t h c o n s t i t u e n t m 
V 
o 
o 
f . d i s c o u n t f a c t o r f o r y e a r i d i 
f p ^ c o s t o f f u e l t o g e n e r a t e IkWh i n y e a r i £ 
f range f a c t o r 
f . qd s h a l l o w w a t e r c o r r e c t i o n (ATT) ° 
2 
g a c c e l e r a t i o n due g r a v i t y m/s 
p h a s e - l a g 
g^ p h a s e - l a g o f t h e i t h c o n s t i t u e n t 
g^ p h a s e - l a g r e l a t i v e t o t h e passage o f the 
mean Moon over t h e Greenwich m e r i d i a n ° 
g^,g_ p h a s e - l a g o f a n t i c l o c k w i s e , c l o c k w i s e 
r o t a r y components o f C 
H w a t e r d e p t h from u n d i s t u r b e d s u r f a c e m 
H.^  a m p l i t u d e o f i t h c o n s t i t u e n t m 
h ( t ) h e i g h t o f t i d e above c h a r t datum a t time t m 
h h e i g h t o f mean sea l e v e l above c h a r t datum m 
i ^-1 
y e a r number 
i , j model c o o r d i n a t e s 
K c o n s t a n t 
^ f ' ^ r c o n s t a n t kg/m" K ,K,. c o n s t a n t kW m M 
K ,K c o n s t a n t m/s u' V 
k c o e f f i c i e n t o f bottom f r i c t i o n 
k^ s p r i n g / n e a p f a c t o r 
kg v e l o c i t y shape f a c t o r 
L p l a n t f a c t o r 
l o a d kW 
wave l e n g t h m 
deep wa t e r wave l e n g t h m 
p h a s e - l a g o f maximum f l o o d o f s p e c i e s 4 
r e l a t i v e t o maximum f l o o d o f s p e c i e s 2 ° 
M moment on a s e c t i o n Nm 
N number o f c o n s t i t u e n t s 
number o f y e a r s 
2 
P power p e r u n i t a r e a W/m 
wt - 0 
Pp maximum power o v e r a sd c y c l e kW 
mean power o v e r a s p r i n g - n e a p c y c l e kW P mean power kW mean ^ 
^ r a t e d r a t e d power kW 
v i 
f a 
ma 
ms 
PV 
Q4 
qd 
R 
U 
u w 
u 
u 
m 
^5 
V 
power p e r u n i t a r e a a v a i l a b l e t o a f i x e d 
a x i s d e v i c e 
power p e r u n i t a r e a a v a i l a b l e t o a moving 
a x i s d e v i c e 
power o v e r a s p r i n g / n e a p c y c l e 
p r e s e n t v a l u e o f t h e c o s t o f f u e l t o 
g e n e r a t e IkWh p e r y e a r f o r N y e a r s 
r a t i o o f qd t i d e t o sd t i d e 
r a t i o o f s e m i - a x i s m a jor qd e l l i p s e 
t o s d e l l i p s e 
o r i e n t a t i o n o f qd s t r e a m r e l a t i v e t o 
s e m i - a x i s m a jor o f t h e s d s t r e a m 
q u a r t e r d i u r n a l 
s e m i - a x i s m a j o r 
r o t o r d i a m e t e r 
s e m i - a x i s m i n o r 
t e s t d i s c o u n t r a t e 
S t r o u h a l number 
f i n a n c i a l s a v i n g 
c a p i t a l a v a i l a b l e 
m s 
model g r i d s p a c i n g 
t i d a l p e r i o d 
wave p e r i o d 
t i m e c o o r d i n a t e 
model t i m e s t e p 
v e r t i c a l l y i n t e g r a t e d v e l o c i t y , e a s t 
w a t e r p a r t i c l e v e l o c i t y , h o r i z o n t a l 
E u l e r i a n v e l o c i t y 
L a g r a n g i a n v e l o c i t y 
S t o k e s v e l o c i t y 
v e l o c i t y o v e r w e i r 
e x t r a c t i o n e f f i c i e n c y 
v e l o c i t y component i n x d i r e c t i o n , e a s t 
n o d a l f a c t o r ( p h a s e - l a g ) , i t h c o n s t i t u e n t 
maximum v a l u e o f v e l o c i t y component i n 
X d i r e c t i o n d u r i n g a sd c y c l e 
component o f S t o k e s v e l o c i t y - x d i r e c t i o n 
v e r t i c a l l y i n t e g r a t e d v e l o c i t y , n o r t h 
maximum v e l o c i t y a t a s p r i n g t i d e , a t 
mean r o t o r d e p t h 
v i i 
kW/m^ 
kw/m^ 
kW 
£/kWh 
m 
m 
m 
£ 
£/kW 
m 
s 
s 
s 
m/s 
m/s 
m/s 
m/s 
m/s 
m/s 
m/s 
o 
m/s 
m/s 
m/s 
m/s 
m 
V 
\ 
V 
w 
w 
w 
X 
z 
z_ 
0 
ATT 
AEL 
EdF 
EEC 
ETSU 
GSEB 
JEC 
lA L A 
k t 
°L 
NM 
p r e s e n t v a l u e o f t h e c o s t o f f u e l t o 
g e n e r a t e 1 kWh i n y e a r i E 
mean v a l u e o f V component o f v e r t i c a l l y 
i n t e g r a t e d v e l o c i t y m/s 
v e l o c i t y component i n y d i r e c t i o n , n o r t h m/s 
maximum v a l u e o f v e l o c i t y component i n 
y d i r e c t i o n d u r i n g a s d c y c l e m/s 
component o f S t o k e s v e l o c i t y - y d i r e c t i o n m/s 
w - w 
s m 
a n g u l a r speed 
d e n s i t y o f s e a w a t e r 
a n g u l a r speed o f i t h c o n s t i t u e n t 
a n g u l a r speed o f M2 
a n g u l a r speed o f S2 
o r i e n t a t i o n o f maximum s t r e a m 
v a l u e o f a n n u i t y 
s p a t i a l c o o r d i n a t e s , p o s t i v e e a s t & n o r t h 
E + H 
mean s e a l e v e l - c h a r t datum 
v e r t i c a l s p a t i a l c o o r d i n a t e , p o s t i v e 
upwards from mean s e a l e v e l 
l a t i t u d e 
p h a s e - l a g o f maximum s t r e a m 
p h a s e - l a g o f s d s t r e a m 
p h a s e - l a g o f x, y v e l o c i t y components 
a n g u l a r f r e q u e n c y o f t h e E a r t h ' s r o t a t i o n 
7.292x10"^ 
A d m i r a l t y T i d e T a b l e s 
A l d e r n e y E l e c t r i c i t y L i m i t e d 
E l e c t i c i t e de F r a n c e 
European Economic Community 
Energy Technology S u p p o r t U n i t 
Guernsey S t a t e s E l e c t r i c t y B o a r d 
J e r s e y E l e c t r i c i t y Company 
I n t e r n a t i o n a l A s s o c i a t i o n o f L i g h t h o u s e 
A u t h o r i t i e s 
k n o t ( n a u t i c a l m i l e p e r hour) 
l u n a r d e g r e e , 1 °L=2.07min. 
n a u t i c a l m i l e ( l e n g t h o f one m i n u t e o f a r c o f a 
m e r i d i a n , 1853m, A d m i r a l t y a c c e p t e d v a l u e ) 
" / h r 
°/hr 
kg/m" 
°/hr 
°/hr 
°/hr 
£/kWh 
m 
m 
m 
o 
o 
o 
o 
_ - l 
v i i i 
TDK t e s t d i s c o u n t r a t e 
TTA t i d a l t i m e a n g l e (28.9842041° p e r hour) 
M2 p r i n c i p a l l u n a r s e m i - d i u r n a l c o n s t i t u e n t 
^2 p r i n c i p a l s o l a r s e m i - d i u r n a l c o n s t i t u e n t 
N2 l a r g e r l u n a r e l l i p t i c s e m i - d i u r n a l c o n s t i t u e n t 
^2 l u n i - s o l a r d e c l i n a t i o n a l s e m i - d i u r n a l c o n s t i t u e n t 
M4 f i r s t harmonic o f M2 
^6 second harmonic o f M2 
2SM2 s e m i - d i u r n a l i n t e r a c t i o n o f M2 & S2 
2MS2 s e m i - d i u r n a l i n t e r a c t i o n o f M2 & S2 
MS 4 q u a r t e r - d i u r n a l i n t e r a c t i o n o f M2 & S2 
MSf n o n - l i n e a r s p r i n g - n e a p c o n s t i t u e n t 
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P a r t 1. Economics, T e c h n o l o g y and C o s t s . 
1 
C h a p t e r 1 H i s t o r i c a l and Background 
H i s t o r i c a l l y t h e s u c c e s s f u l c o n v e r s i o n o f t i d a l power 
was t h r o u g h t h e use o f t i d e m i l l s , most o f t e n l o c a t e d a t 
s i t e s i n s h e l t e r e d t i d a l i n l e t s o r e s t u a r i e s . The most 
common way o f u t i l i s i n g t h e e n e r g y a v a i l a b l e was t h e 
" f l o a t " method, w h i c h i n v o l v e d t h e r a i s i n g o f a w e i g h t on 
a f l o o d t i d e ; t h e g a i n i n p o t e n t i a l e n e r g y s u b s e q u e n t l y 
b e i n g used t o d r i v e m i l l m a c h i n e r y . Some t i d e m i l l s u s e d 
w a t e r w h e e l s , e i t h e r d r i v e n d i r e c t l y by t i d a l m o t i o n , o r 
u s i n g a dam t o e n c l o s e a volume o f w a t e r w h i c h was t h e n 
r e l e a s e d t o d r i v e t h e m i l l w h e e l . A t t e m p t s were made t o 
use more exposed c o a s t a l s i t e s , and r e c o r d s e x i s t o f a 
m i l l i n t h e h a r b o u r a t Dover as e a r l y as t h e e l e v e n t h 
c e n t u r y . M i l l s a t such s i t e s , however, were p r o b a b l y 
s u b j e c t t o f r e q u e n t and e x t e n s i v e s t o r m damage. 
T i d e m i l l s were common i n t h e UK d u r i n g the 1 7 t h and 
18th c e n t u r i e s , b u t saw a d r a m a t i c d e c l i n e w i t h t h e 
i n t r o d u c t i o n o f steam power. At t h e end o f 1940, t h e r e 
were 23 t i d e m i l l s i n e x i s t e n c e i n t h e UK, t e n o f w h i c h 
were i n use. One m i l l i n Woodbridge, S u f f o l k , b u i l t i n t h e 
12th c e n t u r y , was r e c o r d e d as s t i l l b e i n g u s e d i n 1961 
(Moore,86). 
P r o p o s a l s f o r t h e use o f b a r r a g e schemes have been 
the s u b j e c t o f c o n s i d e r a t i o n i n t h e UK f o r a t l e a s t 150 
y e a r s ( C l a r k e , 8 2 ) . Two major p r o p o s a l s a r e t h e Se v e r n 
( c a p a c i t y 7200MW) and Mersey b a r r a g e s (620MW), however a 
f i n a l d e c i s i o n t o p r o c e e d w i t h t h e s e developments has n o t 
been r e a c h e d . One o f l a r g e s t b a r r a g e schemes i n o p e r a t i o n 
i s l o c a t e d a t La Ranee, B r i t a n y , t h i s was commissioned i n 
1966 and has a c a p a c i t y o f 240MW. 
The most r e c e n t scheme t o e n t e r s e r v i c e was i n t h e Bay o f 
Fundy, Canada, i n 1984 (17.8MW c a p a c i t y ) . Other schemes 
have been p r o p o s e d a t s i t e s i n t h e UK (Baker and 
W i s h a r t , 8 5 ) , t h e s e i n c l u d e , Morecambe(300 0MW), 
Cromarty(47MW) and Padstow(28MW). 
The most s u c c e s s f u l a t t e m p t s t o e x t r a c t k i n e t i c 
e nergy from s t r e a m s , was t h r o u g h t h e use o f b a r g e s w h i c h 
were moored a t s i t e s on r i v e r s where h i g h v e l o c i t y s t r e a m s 
were f o u n d , e i t h e r n a t u r a l l y o r n e a r man made f e a t u r e s 
such a s , c l o s e t o j e t t i e s o r t h e p i e r s o f b r i d g e s . 
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Such d e v i c e s , used f o r t r a d i t i o n a l m i l l a c t i v i t i e s , 
were i n use on some c e n t r a l European r i v e r s a t the end o f 
the 19th c e n t u r y ( R e y n o l d s , 8 3 ) . The use o f t h i s t y p e o f 
a p p l i c a t i o n has r e c e i v e d r e c e n t c o n s i d e r a t i o n i n t h e 
c o n t e x t o f t h i r d w o r l d economies ( F r a e n k e l and 
Musgrove,79). I n a d d i t i o n some p r e l i m i n a r y c o n s i d e r a t i o n 
has been g i v e n t o t h e use o f moored t u r b i n e s f o r 
deployment a t e s t u a r i n e l o c a t i o n s (Cave and Welsh,82). 
Some i n t e r e s t has a l s o been shown i n t h e use o f ocean 
c u r r e n t s , as d i s t i n c t from s t r e a m s . The l o c a t i o n o f 
i n t e r e s t was t h e E a s t c o a s t o f t h e USA, u t i l i s i n g t h e 
F l o r i d a c u r r e n t , ( p a r t o f t h e G u l f S t r e a m ) . T h i s work, 
known as t h e C o r i o l i s p r o j e c t , has i t s o r i g i n i n more 
g e n e r a l c o n s i d e r a t i o n s o f t h e l a r g e s c a l e m o t i o n o f t h e 
s e a , as an e n e r g y s o u r c e (Heronomus,74). L a r g e d e v i c e s 
were e n v i s a g e d , t h e p r o t o t y p e , C o r i o l i s One, was e x p e c t e d 
t o be 110m l o n g , e x i t d i a m e t e r o f 171m, d i s p l a c i n g 
eoOOtonnes w i t h a r a t e d power o f 83MW (Li s s a m a n , 8 0 ) . No 
subsequent r e p o r t s o f t h i s work have app e a r e d i n t h e 
l i t e r a t u r e . 
The e x p l o i t a t i o n o f s t reams i n t h e open sea has been 
the s u b j e c t o f l i m i t e d c o n s i d e r a t i o n . The 1970's saw f r e s h 
i n t e r e s t i n t h e renewable e n e r g y t e c h n o l o g i e s , i n g e n e r a l , 
and t h e p o t e n t i a l o f t i d a l streams was t h e s u b j e c t an 
e x t e n s i v e l i t e r a t u r e s u r v e y by GEC H i r s t R e s e a r c h 
L a b o r a t o r i e s , (Morgan & Peachey,79; Wyman & Peachey,79). 
T h i s work was n o t p u r s u e d beyond t h i s i n i t i a l s t a g e . 
More r e c e n t developments i n t h e USA have c e n t r e d on 
t h e E a s t r i v e r . New Y o r k , w i t h one major s t u d y r e p o r t e d 
( C o r r e n , M i l l e r , e t a l . , 8 4 ) . A d e v i c e f o r t h e US market i s 
a t p r e s e n t u n d e r g o i n g a t e s t programme ( V a u t h i e r , 8 6 ) , 
however, few d e t a i l s a r e a v a i l a b l e . 
In r e c e n t y e a r s a number o f d e v i c e s have been 
proposed f o r t h e e x t r a c t i o n o f t i d a l s t r e a m energy, t h e s e 
i n c l u d e ; a t e n s i o n e d f o i l , p a t e n t e d by B a i l e y ( 7 6 ) and a 
submerged buoyant d e v i c e K i n g s t o n ( 7 8 ) , none o f which seem 
t o have a t t r a c t e d s e r i o u s c o n s i d e r a t i o n . A p r o p o s a l by 
Rementeras and Smagghe (undated) gave p r e l i m i n a r y 
c o n s i d e r a t i o n t o a d e v i c e s i m i l a r t o t h a t proposed i n t h i s 
s t u d y , however the c o n c e p t does n o t appear t o have been 
pursue d . 
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The most comprehensive c o n s i d e r a t i o n t o d a t e r e m a i n s 
t h a t by GEC, above. The main f e a t u r e s o f t h i s s t u d y a r e 
summarised below; 
( i ) The r e s o u r c e was examined as a p o t e n t i a l 
" i n s u r a n c e " t e c h n o l o g y f o r t h e UK m a i n l a n d s u p p l y . S m a l l e r 
markets were n o t g i v e n s e r i o u s c o n s i d e r a t i o n . 
( i i ) The l e v e l o f deployment e n v i s a g e d was 
s u b s t a n t i a l , w i t h a number o f schemes o f lOMW, or more, 
b e i n g d i s c u s s e d . 
( i i i ) The t e c h n o l o g y c o n s i d e r e d was c o n v e n t i o n a l , 
a l t h o u g h t h e use o f h y d r a u l i c pumps and t r a n s m i s s i o n was 
a l s o seen as a p o s s i b i l i t y . 
( i v ) A p r e l i m i n a r y c o s t was p r o d u c e d , however 
d e t a i l s a r e n o t a v a i l a b l e . C o s t s o f m e c h a n i c a l and 
e l e c t r i c a l components were p r o b a b l y based on s t a n d a r d GEC 
d e s i g n s . 
(v) S p e c i f i c s i t e s were n o t i d e n t i f i e d , a l t h o u g h 
a r e a s around the UK which a r e known t o d i s p l a y s t r o n g 
t i d a l streams were used i n t h e c a l c u l a t i o n o f t h e o v e r a l l 
p o t e n t i a l o f t h e r e s o u r c e . T h i s was c a l c u l a t e d to be some 
19GW. W h i l s t t h e problems o f s i t e s e l e c t i o n were 
r e c o g n i s e d t h i s d i d n o t p r e v e n t t h e i n c l u s i o n o f some 
u n s u i t a b l e a r e a s i n t h e above e s t i m a t e . 
( v i ) Resource a n a l y s i s and p r e d i c t i o n was not 
c o n s i d e r e d i n d e t a i l . 
D e s p i t e GEC's c o n c l u s i o n , t h a t no o v e r r i d i n g 
o b j e c t i o n s t o t i d e m i l l schemes had been f o u n d , t h e y d i d 
not pursue t h e i r i n i t i a l work. D e t a i l e d r e a s o n s o f t h i s 
d e c i s i o n a r e n o t a v a i l a b l e , however t h e s i z e o f market t o 
make t h e i r i n v e s t m e n t w o r t h w h i l e , i n t h e absence o f 
government r e c o g n i t i o n o f t i d a l streams as a l e a d i n g 
c o n t e n d e r as an i n s u r a n c e t e c h n o l o g y , was p r o b a b l y t h e 
major f a c t o r . 
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The a p p r o a c h d e v e l o p e d i n t h e p r e s e n t work f o l l o w s 
the r e c e n t t r e n d towards t h e c o n s i d e r a t i o n o f s m a l l e r 
s c a l e deployment o f t h e renewable t e c h n o l o g i e s aimed a t 
the p a r t i a l s o l u t i o n t o t h e s p e c i f i c problems o f 
communities whose a c c e s s t o l a r g e g r i d s u p p l i e s i s l i m i t e d 
(Cave and Evans,85;86). These communities have energy 
economies w i t h v e r y d i f f e r e n t c o n s t r a i n t s and p r o s p e c t s 
t h a n t h o s e g e n e r a l l y c o n s i d e r e d i n t h e l a r g e r s c a l e 
a p p l i c a t i o n s w h i c h a t t r a c t f u n d i n g from c e n t r a l 
government. I n t h e s e a r e a s f u n d i n g w i l l c o n t i n u e t o be 
d i f f i c u l t t o o b t a i n and development o f a l t e r n a t i v e s t o 
e x p e n s i v e i m p o r t e d s u p p l i e s i s l i k e l y t o be slow. I t i s 
t h e s e c o m m u n i t i e s , however, w h i c h a r e l i k e l y t o b e n e f i t 
most from t h e e a r l y deployment o f an a p p r o p r i a t e l e v e l o f 
c o n t r i b u t i o n from a s u i t a b l e r e n e w a b l e . 
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C h a p t e r 2 I n t r o d u c t i o n ; I n s t a l l a t i o n and Output 
2.1 I n t r o d u c t i o n 
The renewable e n e r g y t e c h n o l o g i e s have 
been a s s e s s e d i n some d e t a i l , and as a r e s u l t an o r d e r o f 
m e r i t e s t a b l i s h e d w i t h r e s p e c t t o t h e i r p o t e n t i a l i n t h e 
f u t u r e UK energy s u p p l y system, (ETSU, R13,82). The d e g r e e 
t o w h i c h t h e y m i g h t be e x p e c t e d t o c o n t r i b u t e i n t h e 
f u t u r e has a l s o been examined (ETSU, R14,83). 
The t i d a l r e s o u r c e , and i t s e x p l o i t a t i o n u s i n g 
b a r r a g e schemes has been c l a s s i f i e d as " p r o m i s i n g b u t 
u n c e r t a i n " , w i t h an " i n t e r m e d i a t e " c o n t r i b u t i o n t o t h e UK 
s u p p l y a n t i c i p a t e d by t h e y e a r 2025 (ETSU, R30,85). 
Renewable energy t e c h n o l o g i e s n o t i d e n t i f i e d i n t h e s e 
r e p o r t s a r e u n l i k e l y t o a t t r a c t s i g n i f i c a n t government 
s u p p o r t a t l e a s t i n t h e near f u t u r e . 
There a r e , however, s m a l l e r communities whose 
economic c i r c u m s t a n c e s , p a r t i c u l a r l y w i t h r e s p e c t t o 
energy s u p p l y , a r e v e r y d i f f e r e n t from t h o s e t h a t p r e v a i l 
on t h e m a i n l a n d o f t h e UK. These m a r k e t s , u s u a l l y remote 
o r i s l a n d c o m m u n i t i e s , have p r o v i d e d a f o c u s f o r r e c e n t 
work on t h e r e n e w a b l e s . For s u c h c o m m u n i t i e s t h e energy 
o p t i o n s a r e o f t e n v e r y l i m i t e d , p a r t i c u l a r l y i n terms o f 
the p r i m a r y s o u r c e s a v a i l a b l e , and t h e need t o examine t h e 
p o s s i b i l i t i e s f o r t h e r e n e w a b l e s can be more u r g e n t . 
Three such communities e x i s t i n t h e same i s l a n d group 
i n t h e Normano-Breton G u l f ; namely t h e Channel I s l a n d s o f 
J e r s e y , Guernsey and A l d e r n e y . A l l t h r e e a r e dependent t o 
some e x t e n t on i m p o r t e d f o s s i l f u e l as a p r i m a r y energy 
s o u r c e and a r e d u c t i o n i n t h i s dependence w o u l d be 
d e s i r a b l e . These i s l a n d s a r e used t o i l l u s t r a t e the 
argument f o r t i d a l s t r e a m e n e r g y schemes. The economies o f 
t h e s e i s l a n d s a r e d i s c u s s e d i n C h a p t e r 5. 
The t i d a l r e s o u r c e i n t h e G u l f i s p a r t i c u l a r l y a c t i v e 
and as a p o t e n t i a l s o u r c e o f energy i s w o r t h y o f 
e x a m i n a t i o n . 
C o m b i n a t i o n s o f c o a s t a l t o p o g r a p h y and t i d a l regime 
g i v e r i s e t o t h r e e c a t e g o r i e s o f s i t e where t i d a l e n e r gy 
e x t r a c t i o n m ight be a t t r a c t i v e . 
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Each o f t h e s e t y p e s o f s i t e s u g g e s t s t h e deployment o f a 
p a r t i c u l a r t e c h n o l o g y . The t h r e e t y p e s a r e i d e n t i f i e d 
below. 
( i ) S i t e s where t h e r e i s a l a r g e t i d a l range and 
l a r g e bays o r e s t u a r i e s w h i c h meet t h e 
r e q u i r e m e n t s f o r b a r r a g e schemes on t h e s c a l e o f 
La Ranee and t h e p r o p o s e d Severn b a r r a g e . These 
would employ c o n v e n t i o n a l t u r b i n e s . 
( i i ) S i t e s where t h e r e i s a s m a l l e r t i d a l range 
(3-4m) i n r e g i o n s w i t h narrow embayments o r 
e s t u a r i e s , f o r example on t h e west c o a s t o f 
S c o t l a n d , meet t h e r e q u i r e m e n t s f o r economic 
development o f newer t e c h n o l o g i e s which can 
o p e r a t e a t l o w e r heads t h a n c o n v e n t i o n a l 
t u r b i n e s . An example m i g h t be t h e S a l f o r d 
T r a n s v e r s e O s c i l l a t o r , a p r o t o t y p e o f 
w h i c h was t o have been i n s t a l l e d i n the Outer 
H e b r i d e s ( C a r n i e , e t a l . 85) . 
( i i i ) S i t e s where s t r o n g t i d a l f l o w s (2-5m/s) o c c u r i n 
narrow s t r a i t s between l a n d masses o r a d j a c e n t 
t o h e adlands where t h e compact shape of t h e l a n d 
o r o t h e r f a c t o r s make impounding u n a t t r a c t i v e . 
Here, k i n e t i c e n e r gy e x t r a c t i o n seems the 
l o g i c a l o p t i o n . Headland f l o w s o f t e n g i v e r i s e 
t o o u t - o f - p h a s e e d d i e s which c o u l d p r o v i d e power 
o v e r a s u b s t a n t i a l p a r t o f t h e t i d a l c y c l e . 
S u i t a b l e s i t e s e x i s t n e a r t h e Channel I s l a n d s , 
i n t h e B r i s t o l C h a n n e l , t h e Menai S t r a i t s , t h e 
P e n t l a n d F i r t h and o v e r s e a s a t Chindosudo o f f 
t h e c o a s t o f S o u t h Korea where a 7m/s stream i s 
r e p o r t e d . 
I t i s an i n v e s t i g a t i o n o f t h i s l a s t m a n i f e s t a t i o n o f 
t h e t i d a l r e s o u r c e w h i c h i s examined i n t h e p r e s e n t work. 
The t y p e o f d e v i c e r e q u i r e d f o r t h e e x t r a c t i o n of f r e e 
s t r e a m t i d a l e nergy w i l l be r e f e r r e d t o as a Tide M i l l . 
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2.2 I n s t a l l a t i o n 
The o v e r a l l r e q u i r e m e n t f o r t h e 
s a t i s f a c t o r y i n s t a l l a t i o n o f a t i d e m i l l a t a p a r t i c u l a r 
s i t e i s a d e v i c e w h i c h i s s t a b l e under extreme 
e n v i r o n m e n t a l c o n d i t i o n s , whose o u t p u t i s e c o n o m i c a l l y 
a t t r a c t i v e t o i t s owners, and w h i c h does n o t p r e s e n t a 
h a z a r d t o o t h e r sea u s e r s . 
From p u b l i s h e d d a t a , m a i n l y A d m i r a l t y c h a r t s , 
handbooks and p i l o t s , i t i s c l e a r t h a t t i d a l f l o w s o f 
s u f f i c i e n t maximum v e l o c i t i e s e x i s t a t many l o c a t i o n s 
t h r o u g h o u t the UK c o n t i n e n t a l s h e l f . The complex n a t u r e o f 
b o t h t h e h o r i z o n t a l and v e r t i c a l s t r u c t u r e o f t i d a l 
streams r e q u i r e s c a r e f u l c o n s i d e r a t i o n b u t i n t h e f i r s t 
p l a c e i t i s assumed t h a t a r e s o u r c e e x i s t s g i v i n g r i s e t o 
a l a r g e l y p r e d i c t a b l e o u t p u t . F o r any such s i t e , a l a r g e 
number o f o t h e r f a c t o r s r e q u i r e c o n s i d e r a t i o n , and a l i s t 
i s g i v e n i n T a b l e 2.1. 
S h i p p i n g 
R e c r e a t i o n 
M a r i n e i n d u s t r y 
Sea bed 
Marine environment 
Weather 
A c c e s s i b i l i t y 
c l e a r w a y s and c h a n n e l s 
s a i l i n g , d i v i n g , e t c 
f i s h i n g , waste d i s p o s a l , 
m i n e r a l e x t r a c t i o n 
f o u n d a t i o n s , m o o r i n g s , s c o u r 
c o r r o s i o n , m a r i n e g r o w t h , 
marine l i f e , d e b r i s 
wave l o a d i n g , s t o r m s u r g e s 
s e r v i c i n g , c o n n e c t i o n t o l a n d 
T a b l e 2.1 F a c t o r s I n f l u e n c i n g I n s t a l l a t i o n 
T h i s l i s t i s n o t i n t e n d e d t o be e x h a u s t i v e , and i t i s 
r e c o g n i s e d t h a t any one o f t h e f a c t o r s g i v e n c o u l d r e n d e r 
an o t h e r w i s e i d e a l s i t e u n s u i t a b l e . Some o f t h e c o n f l i c t s 
a r i s i n g from t h e s e f a c t o r s may be a v o i d e d e a s i l y , w h i l e 
o t h e r s , p a r t i c u l a r l y t h o s e a s s o c i a t e d w i t h t h e f i s h i n g 
i n d u s t r y and r e c r e a t i o n , c a n o n l y be m i n i m i s e d . In some 
c i r c u m s t a n c e s i t might be n e c e s s a r y t o n e g o t i a t e f o r t h e 
e x c l u s i v e use o f an a r e a f o r energy e x t r a c t i o n i f s a f e 
o p e r a t i o n i s t o be a c h i e v e d . 
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The w i l l i n g n e s s o f t h e communities c o n c e r n e d t o g i v e 
h i g h p r i o r i t y t o energy g e n e r a t i o n i n p r e f e r e n c e t o , say 
f i s h i n g o r r e c r e a t i o n p r e s e n t s a complex i s s u e and one 
t h a t c a nnot be r e s o l v e d i n advance o f s p e c i f i c p r o p o s a l s 
b e i n g made. The C h a n n e l i s l a n d s , however e n j o y a d e g r e e o f 
independence from c e n t r a l government t h a t c o u l d f a c i l i t a t e 
t he r e a l i s a t i o n o f s u c h schemes. 
S p e c i f i c e n g i n e e r i n g problems such as s c o u r , f o u l i n g 
and c o r r o s i o n have been s t u d i e d i n d e p t h i n t h e c o n t e x t o f 
t h e N o r t h Sea's o i l i n d u s t r y . I n t h e p r e s e n t work i t has 
been assumed t h a t t h e t e c h n i c a l a s p e c t s o f t h e s o l u t i o n o f 
t h e s e problems a r e a v a i l a b l e . I t would be a m i s t a k e , 
however, t o t r a n s f e r t h e economics a l o n g w i t h the 
t e c h n i c a l s o l u t i o n s t o t h e p r e s e n t a p p l i c a t i o n w i t h o u t 
c a r e f u l c o n s i d e r a t i o n . 
From the arguments above i t may be seen t h a t f i n a l 
s i t e s e l e c t i o n w i l l be an i n v o l v e d p r o c e s s i n c l u d i n g 
c o n s i d e r a t i o n o f a t e c h n i c a l , economic, p o l i t i c a l and 
s o c i a l n a t u r e . Commitment t o a p a r t i c u l a r s i t e , o r s i t e s , 
a t t h i s s t a g e would be i n a d v i s a b l e , as t o o g r e a t a 
dependence would t h e n be p l a c e d on t h e c o i n c i d e n c e o f a l l 
o t h e r f a c t o r s a f f e c t i n g f i n a l s i t e s e l e c t i o n b e i n g 
s i m u l t a n e o u s l y s a t i s f i e d . The aim a t t h i s s t a g e i s t o 
i d e n t i f y t h e c h a r a c t e r i s t i c s o f a r e a s i n w h i c h 
s a t i s f a c t o r y s i t e s may e v e n t u a l l y be l o c a t e d , and t o 
i n v e s t i g a t e t h e means by w h i c h t h e o c c u r r e n c e o f t h e s e 
a r e a s may be d e t e r m i n e d . F o r example, t h e e x t e n t o f t h e 
t i d a l e d d i e s o f f o p p o s i t e c o a s t s o f A l d e r n e y make 
a v a i l a b l e a number of s i t e s w h i c h , w h i l s t d i f f e r i n g i n 
d e t a i l e d b e h a v i o u r , d i s p l a y g e n e r a l c h a r a c t e r i s t i c s w h i c h 
a t f i r s t s i g h t , f a v o u r t h e deployment o f t i d e m i l l 
schemes. M o d e l l i n g d e v e l o p e d i n t h e second p a r t o f t h i s 
work a l l o w s an i n d i c a t i o n o f t h e ranges o f p o s s i b l e d e v i c e 
performance t h r o u g h an a r e a under c o n s i d e r a t i o n . These 
ranges t h e n form a l o g i c a l p a r t o f t h e i n f o r m a t i o n 
r e q u i r e d f o r d e t a i l e d s i t e assessment and i n v e s t m e n t 
a p p r a i s a l . 
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2.3 Output 
I t i s u s e f u l a t t h i s s t a g e t o g i v e some 
i n i t i a l i n d i c a t i o n o f t h e o u t p u t t h a t m i g h t be e x p e c t e d 
from t i d e m i l l s and t o show how t h e s e s i m p l e e s t i m a t e s 
r e q u i r e more d e t a i l e d c o n s i d e r a t i o n . 
A f i r s t e s t i m a t e o f t h e power a v a i l a b l e f o r 
e x t r a c t i o n a t a p a r t i c u l a r s i t e can be o b t a i n e d from n e a r 
s u r f a c e s t r e a m d a t a from A d m i r a l t y c h a r t s and a t l a s e s . The 
e s t i m a t e i s p r o g r e s s i v e l y r e d u c e d by t h e i n t r o d u c t i o n o f 
v a r i o u s f a c t o r s u n t i l a w o r k i n g e s t i m a t e o f t h e mean power 
e x t r a c t a b l e p e r u n i t a r e a i s o b t a i n e d i n t h e form 
P = 0 . 5 u w k k s n 
where k^ = v e l o c i t y shape f a c t o r 
k^ = s p r i n g / n e a p f a c t o r 
P = mean power e x t r a c t e d p e r u n i t a r e a o f 
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i n t e r r u p t e d f l o w , W/m 
V = maximum v e l o c i t y d u r i n g a s p r i n g t i d e a t t h e 
mean d e p t h o f t h e d e v i c e 
w = d e n s i t y o f sea w a t e r 
u = e x t r a c t i o n e f f i c i e n c y 
Assignment o f v a l u e s t o t h e s e f a c t o r s : 
k can be c a l c u l a t e d on t h e b a s i s o f a s i n u s o i d a l n 
v a r i a t i o n between s p r i n g and neap t i d e s and s e l e c t i n g 
a s u i t a b l e r a t i o between t h e two, a w o r k i n g f i g u r e o f 
0.57 i s o b t a i n e d . C a l c u l a t i o n o f t h e power a v a i l a b l e 
o v e r a s p r i n g - n e a p c y c l e i s d i s c u s s e d i n d e t a i l i n 
C h a p t e r 8. 
k 0.424 f o r a s i n u s o i d a l s e m i - d i u r n a l t i d e 
u t a k e n t o be 0.25, t h i s combines 0.85 f o r t r a n s m i s s i o n 
and a v a l u e o f 0.3 f o r t h e t u r b i n e . There i s some 
e v i d e n c e (Morgan and Peachey,79) t h a t f o r the l a r g e 
t u r b i n e s , a f i g u r e as h i g h as 0.4 m i g h t be a c h i e v e d . 
F o r i n i t i a l e s t i m a t e s t h e l o w e r v a l u e i s used. 
D e r i v a t i o n o f t h e f a c t o r s used i n t h e above e x p r e s s i o n 
i s g i v e n i n Appendix 1.1. 
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Assuming u n i f o r m f l o w o v e r t h e i n t e r r u p t e d f l o w o f a 
s i m p l e a x i a l f l o w d e v i c e , t h e v a r i a t i o n o f maximum power . 
o u t p u t w i t h d e v i c e d i a m e t e r f o r a range o f stream 
v e l o c i t i e s i s g i v e n i n F i g 2.1. I t s h o u l d be n o t e d t h a t 
the r a t e d power would g e n e r a l l y be l o w e r t h a n the power 
c a l c u l a t e d from the maximum v e l o c i t y a t a p a r t i c u l a r s i t e . 
The v a r i a t i o n o f r o t o r b l a d e performance w i t h s t r e a m 
v e l o c i t y f o r many b l a d e p r o f i l e s , s u i t a b l e f o r the p r e s e n t 
purpose, d i s p l a y s a d i s t i n c t peak beyond w h i c h f u r t h e r 
i n c r e a s e i n stream v e l o c i t y r e s u l t s i n a r e d u c t i o n i n 
b l a d e performance. F o r a b l a d e w i t h t h e above 
c h a r a c t e r i s t i c s , t h e r e f o r e , t h e maximum power o u t p u t w i l l 
n o t n e c e s s a r i l y c o i n c i d e w i t h t h e maximum st r e a m v e l o c i t y . 
A f u l l d i s c u s s i o n o f r a t e d power i s i n v o l v e d and r e q u i r e s 
d e t a i l e d knowledge o f b l a d e c h a r a c t e r i s t i c s and o t h e r 
system d e t a i l s n o t y e t d e t e r m i n e d . B l a d e performance f o r a 
range o f p r o f i l e s f o r a s i m i l a r a p p l i c a t i o n have been 
s u b j e c t e d t o a programme o f model t e s t s by C o r r e n , 
e t a l . ( 8 4 ) . An analogous s i t u a t i o n i s e n c o u n t e r e d w i t h 
wind t u r b i n e b l a d e s , where a t y p i c a l machine would be 
r a t e d t o produce f u l l power a t a w i n d speed o f about 1.5 x 
the mean a n n u a l wind speed (ETSU, R13, 8 2 ) . 
The h o r i z o n t a l v a r i a t i o n i n t i d a l s t r e a m v e l o c i t y 
d u r i n g a s e m i - d i u r n a l c y c l e c l e a r l y a f f e c t s t h e o u t p u t , 
depending on t h e s i t e and d e v i c e d e p l o y e d . T i d a l s t r e a m s 
i n UK w a t e r s a r e p r e d o m i n a n t l y s e m i - d i u r n a l i n c h a r a c t e r , 
and d u r i n g a t i d a l c y c l e t h e t i p o f t h e s t r e a m v e c t o r 
d e s c r i b e s a p a t h which may v a r y w i d e l y between s i t e s . T h i s 
i s d e s c r i b e d i n d e t a i l i n t h e second p a r t o f t h i s work and 
el s e w h e r e by George and E v a n s ( 8 5 ) . 
In a s e m i - d i u r n a l t i d a l r e gime, an u n d i s t o r t e d t i d a l 
s t r e a m over a s i n g l e c y c l e d e s c r i b e s an e l l i p s e , whose 
shape may v a r y between t h e two extremes o f a c i r c l e and a 
s t r a i g h t l i n e . The d e v i a t i o n from t h e b a s i c e l l i p t i c a l 
shape r e p r e s e n t s d i s t o r t i o n o f t h e s t r e a m by a v a r i e t y o f 
g e o p h y s i c a l e f f e c t s . 
In a f i n a l assessment o f t h e en e r g y a v a i l a b l e f o r 
e x t r a c t i o n , a c c o u n t must be t a k e n o f t h e s e d i s t o r t i o n s ; 
p a r t i c u l a r l y any c o n t r i b u t i o n from q u a r t e r - d i u r n a l and 
ex c e s s streams. T h i s i s d i s c u s s e d i n d e t a i l i n Chapter 8. 
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E x t r a c t i o n d e v i c e s must be s p e c i f i e d t h a t r e l i a b l y 
e x t r a c t t h e maximum energy a v a i l a b l e a t a p a r t i c u l a r s i t e 
a t an a c c e p t a b l e c o s t . 
To i l l u s t r a t e t h e v a r i a t i o n i n energy c a p t u r e f o r 
d i f f e r e n t t i d a l s t r e a m s , c o n s i d e r t h e v a r i a t i o n from 
l i n e a r t o c i r c u l a r s t r e a m v i a a s e r i e s o f e l l i p s e s . The 
v a r i a t i o n i n energy e x t r a c t e d by a f i x e d h o r i z o n t a l a x i s 
t u r b i n e a l i g n e d w i t h t h e maximum st r e a m as a f r a c t i o n o f 
the t o t a l s t r e a m energy i s i l l u s t r a t e d i n F i g 2.2. F o r a 
r e c t i l i n e a r s t r e a m a l l t h e e n e r g y i s a v a i l a b l e t o a 
b i d i r e c t i o n a l t u r b i n e , r e d u c i n g t o about 43% f o r a 
c i r c u l a r s t r e a m . A number o f o p t i o n s e x i s t t o accommodate 
c i r c u l a r s t r e a m s : 
Adapt a h o r i z o n t a l a x i s machine t o f o l l o w t h e stre a m ; 
E x t r a c t o n l y a p a r t o f t h e energy a v a i l a b l e ; 
S e l e c t a v e r t i c a l a x i s machine; 
Abandon t h e s i t e . 
The c h o i c e o f o p t i o n i s i n v o l v e d and w o u l d r e q u i r e a 
comp a r i s o n o f the c o s t s o f each o p t i o n w i t h t h e v a l u e o f 
the a d d i t i o n a l energy e x t r a c t e d . The l a s t o p t i o n , t o 
abandon the s i t e , m i g h t p r o v e a t t r a c t i v e i f t h e aim were 
t o d e p l o y a s t a n d a r d t e c h n o l o g y a t a number o f l o c a t i o n s . 
I t i s o n l y by c o n s i d e r i n g t h e whole range o f p o s s i b i l i t i e s 
found i n an a r e a t h a t a c o h e r e n t approach t o s i t e 
s e l e c t i o n can be f o r m u l a t e d . The purpose o f t h e second 
p a r t o f t h i s i n v e s t i g a t i o n i s d i r e c t e d towards the 
c l a s s i f i c a t i o n and l o c a t i o n o f p o t e n t i a l s i t e s . 
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C h a p t e r 3 Economics 
3.1 I n t r o d u c t i o n 
The assessment o f any new t e c h n o l o g y 
must a t t e m p t t o e s t a b l i s h t h e v a l u e o f t h e t e c h n o l o g y t o 
p o t e n t i a l u s e r s . The g e n e r a l l y a c c e p t e d a p p r o a c h i s v i a an 
economic argument, b a s e d on a c o m p a r i s o n o f t h e e s t i m a t e d 
f u t u r e "worth" o f t h e t e c h n o l o g y and t h e c o s t o f 
"ownership"; t h a t i s a b e n e f i t / c o s t a n a l y s i s . 
A t an e a r l y s t a g e o f t h e development o f a new 
t e c h n o l o g y i n f o r m a t i o n i s s c a r c e , and t h e most t h a t can be 
e x p e c t e d i s an i n d i c a t i o n o f a scheme's p o t e n t i a l , b a s e d 
on a range o f c l e a r l y d e f i n e d a s s u m p t i o n s . T h i s t h e n forms 
the b a s i s f o r d e c i s i o n making. The aim o f economic 
a n a l y s i s f o r f u r t h e r R & D becomes: t o i n d i c a t e under what 
c o n d i t i o n s a d d i t i o n a l i n v e s t m e n t i n r e s e a r c h would be 
a p p r o p r i a t e , and t o i n d i c a t e what i n f o r m a t i o n would be 
r e q u i r e d t o improve e a r l y a s s e s s m e n t s . A judgement i s t h e n 
r e q u i r e d as t o the r i s k i n v o l v e d i n f u r t h e r i n v e s t m e n t . 
T h i s l a t t e r i s s u e i s n o t e x p l o r e d i n t h i s work; an 
i n t e r e s t i n g approach t o t h i s d i f f i c u l t p r o b l e m i s 
d i s c u s s e d by Hope(81). 
I n some s t u d i e s o f t h e renewable e n e r g y t e c h n o l o g i e s , 
f o r example the UK wave energy r e s e a r c h programme, 
economic a n a l y s i s has f o l l o w e d d e s i g n and/or e x p e r i m e n t a l 
i n v e s t i g a t i o n s i n t o d e v i c e f e a s i b i l i t y . At t h i s s t a g e c o s t 
e s t i m a t e s have been examined i n an a t t e m p t t o "prove" t h e 
economic w o r t h o f t h e d e v i c e f o r t h e d i f f e r e n t energy 
markets a v a i l a b l e . To approach t h e p r o b l e m i n t h i s o r d e r 
i s an e x p e n s i v e a c t i v i t y ; and a t t h e end o f t h e day can 
r e s u l t i n a w o r k i n g t e c h n o l o g y b u t no u s e r . I n the p r e s e n t 
approach the market i s d e f i n e d a t t h e o u t s e t and i s used 
t o p r o v i d e t h e assessment s t a n d a r d s t o be met by t h e 
e x t r a c t i o n scheme. In t h i s way a p r o v i s i o n a l judgement o f 
the p o t e n t i a l o f t h e t e c h n o l o g y can be made w i t h o u t 
r e c o u r s e t o d e s i g n . 
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A f o r m a l b e n e f i t / c o s t a n a l y s i s would i n v o l v e a 
c o m parison o f t h e c o s t o f i n s t a l l i n g , o p e r a t i n g and 
d e c o m m i s s i o n i n g t h e scheme and t h e s a v i n g s g a i n e d by t h e 
u s e r over t h e l i f e o f t h e scheme. The p o t e n t i a l o f t h e 
scheme i s t h e n a s s e s s e d a c c o r d i n g t o t h e v a l u e s o f 
b e n e f i t / c o s t r a t i o c a l c u l a t e d a g a i n s t a range o f p o s s i b l e 
economic f u t u r e s . F o r l a r g e g e n e r a t i n g systems the 
i n f l u e n c e o f t h e i n t r o d u c t i o n o f a c o n t r i b u t i o n from a 
renewable s o u r c e on t h e economic p e r f o r m a n c e o f t h e s y s t e m 
as a whole has t o be d e t e r m i n e d . F o r t h e UK s u p p l y system 
complex models have been d e v e l o p e d , ETSU(82), which 
d e t e r m i n e th e optimum o p e r a t i n g c o n d i t i o n s o f the r e v i s e d 
p l a n t mix, and hence t h e v a l u e o f t h e r e n ewable t o t h e 
system. I n t h e c a s e o f s m a l l power s u p p l y systems, w i t h a 
s i n g l e f u e l s o u r c e , t h i s i s n o t a c r i t i c a l i s s u e as a l l 
t h e f u e l i s m a r g i n a l l y c o s t e d and o n l y s l i g h t d i f f e r e n c e s 
i n e f f i c i e n c i e s e x i s t between i t e m s o f s i m i l a r p l a n t . 
T h i s , i n p a r t , j u s t i f i e s t h e use o f t h e s i m p l i f i e d 
a n a l y s i s d e s c r i b e d . 
In g e n e r a l a b e n e f i t / c o s t r a t i o o f u n i t y i n d i c a t e s 
t h a t a p r o posed p r o j e c t i s on t h e l i m i t o f a c c e p t a b i l i t y . 
To be more e x a c t , a b e n e f i t / c o s t r a t i o o f l e s s t h a n u n i t y 
e x c l u d e s a p r o j e c t ; a r a t i o o f g r e a t e r t h a n u n i t y 
i n d i c a t e s t h a t a p r o j e c t i s w o r t h y o f c o n s i d e r a t i o n . 
In t h i s s t u d y a b e n e f i t / c o s t r a t i o o f one i s assumed 
and a s i m p l i f i e d a n a l y s i s c a r r i e d o u t . I n t h i s way t h e 
v a l u e o f f u e l s a v i n g i s s e t e q u a l t o t h e t a r g e t c o s t o f 
t h e t e c h n o l o g y . I t s h o u l d be n o t e d t h a t t h e r e s u l t s o b t a i n 
by b e n e f i t / c o s t methods a r e t h e same as w o u l d be d e r i v e d 
u s i n g s i m i l a r d i s c o u n t e d c a s h f l o w methods, such as N e t t 
P r e s e n t V a l u e . More complex t e c h n i q u e s , i n v o l v i n g y i e l d 
based d e c i s i o n r u l e s , a r e n o t c o n s i d e r e d , as t h e s e a r e n o t 
a p p r o p r i a t e i n the absence o f d e t a i l s o f t h e s o u r c e o f 
i n v e s t m e n t c a p i t a l . C o n d i t i o n s imposed by d i f f e r e n t 
s e c t o r s o f t h e f i n a n c i a l market cannot be t a k e n i n t o 
c o n s i d e r a t i o n a t t h i s s t a g e . 
Any such a n a l y s i s r e q u i r e s a number o f a s s u m p t i o n s 
c o n c e r n i n g t h e p r e s e n t and f u t u r e economic c o n d i t i o n s 
w h i c h might a p p l y t o t h e m arket o r m i g h t be imposed by t h e 
customer. These a r e d e a l t w i t h below. 
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3.2 The c o s t o f c a p i t a l 
The r e n ewable e n e r g y t e c h n o l o g i e s 
have h i g h i n i t i a l c a p i t a l c o s t and p r o j e c t e d low r u n n i n g 
c o s t i n c o m p a r i s o n w i t h c o n v e n t i o n a l e n ergy c o n v e r s i o n 
p l a n t . The c o s t o f c a p i t a l i s u s u a l l y r e f l e c t e d i n t h e 
c h o i c e o f t e s t d i s c o u n t r a t e . F o r p u b l i c s e c t o r p r o j e c t s a 
v a l u e o f 5% i s u s u a l l y recommended by HM T r e a s u r y , w h i l s t 
i n t h e p r i v a t e s e c t o r 11% i s n o t u n u s u a l . T h i s r a i s e s t h e 
q u e s t i o n o f where f i n a n c e w o u l d be o b t a i n e d f o r a 
p a r t i c u l a r p r o j e c t , what g r a n t s o r i n c e n t i v e s might be 
a v a i l a b l e . I t i s c l e a r t h a t such q u e s t i o n s can not be 
a d d r e s s e d a t an e a r l y s t a g e ; i n o r d e r t o make p r o g r e s s a 
TDR o f 5% has been used. Some i n d i c a t i o n o f t h e e f f e c t s o f 
t h e d i f f e r e n t c o s t s o f c a p i t a l i s i l l u s t r a t e d t h r o u g h t h e 
use o f payback p e r i o d s o f l e s s t h a n t h e p l a n t l i f e . The 
use o f payback p e r i o d s s h o r t e r t h a n t h e u s e f u l l i f e o f t h e 
scheme i s not recommended f o r energy p r o j e c t s (ETSU, 
R14,83). T h i s s e r i o u s o b j e c t i o n a r i s e s from t h e f a c t t h a t 
b e n e f i t i s s t i l l g a i n e d by t h e u s e r a f t e r c a p i t a l l o a n s 
have been r e p a i d , i t t h e r e f o r e r e p r e s e n t s a c o n d i t i o n 
imposed by t h e f i n a n c i a l market and does n o t r e p r e s e n t t h e 
l o n g term i n t e r e s t s o f t h e e n ergy consumer o r t h e s u p p l y 
company. I t i s t h i s l a c k o f a b i l i t y t o a c c o u n t f o r c a s h 
f l o w s a f t e r t h e payback p e r i o d i s o v e r , combined w i t h t h e 
u s u a l l y a r b i t r a r y c h o i c e o f payback t i m e t h a t has l e a d t o 
the method b e i n g more g e n e r a l l y d i s c r e d i t e d as a means o f 
i n v e s t m e n t a p p r a i s a l ( W i l k e s , 8 3 ) . Payback p e r i o d s o f l e s s 
t h a n p l a n t l i f e have been i n c l u d e d o n l y t o i l l u s t r a t e t h e 
e f f e c t o f c h o i c e o f s o u r c e o f i n v e s t m e n t c a p i t a l . 
3.3 The f u t u r e p r i c e o f f o s s i l f u e l 
The u n c e r t a i n t i e s 
i n v o l v e d i n making p r e d i c t i o n s i n t h i s a r e a a r e immense; 
and s i n g l e f i g u r e e s t i m a t e s c a n o n l y s e r v e t o m i s l e a d . The 
Department o f Energy, v i a ETSU, have produ c e d a view o f 
f u t u r e energy p r i c e s i n t h e form o f a number o f p o s s i b l e 
s c e n a r i o s (ETSU, R13,82). These were d e r i v e d a g a i n s t a 
background o f t h e UK economy and t h e f o r e s e e a b l e 
developments i n t h e power s u p p l y system, e s p e c i a l l y t a k i n g 
a c c o u n t o f t h e f u t u r e r o l e o f n u c l e a r e n e r g y . 
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I t i s p o s s i b l e t o e x t r a c t from t h e s c e n a r i o s used a 
range o f p o s s i b l e f u t u r e f o s s i l f u e l p r i c e s . L i k e ETSU 
none o f t h e s e i s c o n s i d e r e d as " c e n t r a l " o r "most l i k e l y " 
b u t a r e " c o n s i d e r e d t o c o v e r a u s e f u l l y wide range o f 
p o s s i b i l i t i e s " . These a r e d e t a i l e d b elow. 
The p e r i o d c o n s i d e r e d was 45 y e a r s up t o 2025. Three 
vi e w s o f t h e f u t u r e were t a k e n denoted I , I I and I I I . I n 
a l l c a s e s i t was assumed t h a t f u e l p r i c e s w o u l d r i s e i n 
r e a l t e r m s , s i n c e o i l i s l i k e l y t o r e m a i n a major 
i n t e r n a t i o n a l l y t r a d e d f u e l , t h e w o r l d o i l p r i c e s f o r e a c h 
s c e n a r i o were t a k e n as shown below; 
World O i l P r i c e ( $ / b a r r e l ) 
1981 2000 2025 
I 32 88 124 
I I 32 65 92 
I I I 32 50 70 
From t h e s e t h e t h r e e c a s e s used i n t h e p r e s e n t work 
were t a k e n , as p e r c e n t a g e i n c r e a s e s ; 
Case I 200 % I n c r e a s e i n 25 y e a r s 
Case I I 100 % I n c r e a s e i n 25 y e a r s 
Case I I I 50 % I n c r e a s e i n 25 y e a r s 
These r a t e s o f i n c r e a s e t r a n s l a t e a l m o s t d i r e c t l y t o t h e 
p r i c e o f o i l t o i n d u s t r i a l c o n c e r n s . For example t h e 
e x p e c t e d p r i c e s o f F u e l o i l (p/therm 1981 money v a l u e s ) 
from ETSU (R13,82) were; 
1981 2000 2025 
Case I 25 76 107 
Case I I 25 61 89 
Case I I I 25 38 53 
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These c o r r e s p o n d t o ; 
Case I A r e l a t i v e l y o p t i m i s t i c v i e w o f f u t u r e 
economic growth l e a d i n g t o a r e l a t i v e l y 
f a s t growth i n energy demand and t h e 
h i g h e s t f u e l p r i c e s . 
Case I I A l e s s o p t i m i s t i c v i e w o f economic g r o w t h 
f u e l p r i c e s s t i l l r i s e r a p i d l y but l e s s 
t h a n i n Case I . 
Case I I I A slow, r a t e o f economic g r o w t h w i t h e n ergy 
demand r i s i n g s l o w l y so p r i c e s r i s e s l o w l y 
i n r e a l t e r m s . 
I t s h o u l d be p o i n t e d o u t t h a t t h e r a t e o f growth o f 
p a r t i c u l a r communities may n o t f o l l o w t h e o v e r a l l w o r l d 
t r e n d ; t h e y w i l l however s t i l l be i n f l u e n c e d by t h e s e 
t r e n d s , as t h e y t r a d e f o r f u e l i n t h i s w i d e r market. The 
p r o s p e c t s f o r growth i n t h e market c o n s i d e r e d here i s 
d i s c u s s e d below. C h a p t e r 5. 
3.4 P r e s e n t c o s t s o f e n e r g y t o t h e Ch a n n e l I s l a n d s 
F u l l d e t a i l s o f t h e p r e s e n t power g e n e r a t i o n systems and 
l i k e l y g rowth a r e d i s c u s s e d i n C h a p t e r 5. A t t h i s p o i n t 
the d a t a r e q u i r e d a r e t h e p r e s e n t p r i c e s o f i m p o r t e d f u e l . 
These d a t a do n o t form a p a r t o f t h e p u b l i s h e d f i n a n c i a l 
r e p o r t s o f t h e t h r e e g e n e r a t i n g a u t h o r i t i e s c o n c e r n e d , and 
a c e r t a i n r e l u c t a n c e e x i s t s on t h e i r p a r t t o d i s c l o s e 
e x a c t p r i c e s . The f o l l o w i n g p r i c e s o f t h e f u e l r e q u i r e d t o 
g e n e r a t e 1 kWh have been o b t a i n e d ( t h e s e c o n t a i n an 
element o f h a n d l i n g c h a rge w h i c h cannot be i d e n t i f i e d , b u t 
i s t a k e n t o be s m a l l ) . A l l p r i c e s a r e f o r 1985, 
A l d e r n e y 4.7 9 p/kWh 
Guernsey 3.0 p/kWh 
J e r s e y 3.0 p/kWh 
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3.5 Performance c h a r a c t e r i s t i c s 
To p r o c e e d t o an e s t i m a t e 
o f f u e l d i s p l a c e d under t h e above c o n d i t i o n s i t i s f i r s t 
n e c e s s a r y t o assume c e r t a i n p e r formance c h a r a c t e r i s t i c s o f 
the e x t r a c t i o n t e c h n o l o g y i n o r d e r t o e s t i m a t e the a n n u a l 
p r o d u c t i v i t y . T h i s i s a c h i e v e d by u s i n g a p l a n t f a c t o r , 
which i s a measure o f t h e energy s u p p l i e d compared t o t h e 
r a t e d a n n u a l o u t p u t , a l l o w a n c e b e i n g made f o r p l a n t 
a v a i l a b i l i t y ( i e . a l l o w a n c e f o r maintenance and f a i l u r e ) . 
The p l a n t f a c t o r i s e q u a l t o t h e p r o d u c t o f t h e l o a d 
f a c t o r (mean p o w e r / r a t e d power) and t h e a v a i l a b i l t y . 
A l o a d f a c t o r o f 0.33 has been assumed, t h e c h o i c e o f t h i s 
v a l u e i s somewhat a r b i t r a r y , and i m p l i e s a b l a d e p r o f i l e 
w h i c h p r o d u c e s t h e maximum power a t about 0.9 o f t h e 
maximum st r e a m v e l o c i t y ( w i t h t h e mean power o u t p u t based 
on s p r i n g - n e a p and v e l o c i t y shape f a c t o r s g i v e n i n Chap.2, 
S e c t i o n 2.3). An a v a i l a b i l t y o f 0.9 has been used based on 
e s t i m a t e s d e r i v e d f o r t h e o f f s h o r e w i n d r e s o u r c e 
(ETSU,82). The a n a l o g y between wind and t i d e m i l l schemes 
i s j u s t i f i e d on t h e grounds t h a t a l l o f f s h o r e maintenance 
a c t i v i t i e s , i n UK w a t e r s , a r e dependent on such f a c t o r s as 
weather c o n d i t i o n s and t h e a v a i l a b i l t y o f s u i t a b l e r e p a i r 
r e s o u r c e s . The s i m i l a r i t y between a l l o f f s h o r e maintenance 
a c t i v i t i e s has been e x p l o i t e d e l s e w h e r e , i n p a r t i c u l a r 
T a y l o r ( 8 4 ) , i n wh i c h a v a i l a b i l t y models d e v e l o p e d f o r wave 
energy s t u d i e s were a p p l i e d t o o f f s h o r e w i n d power 
systems. A p l a n t f a c t o r o f 0.3 has, t h e r e f o r e , been used 
a t t h i s s t a g e . 
A p l a n t l i f e i s r e q u i r e d t o complete t h e e s t i m a t e s o f 
f u e l r e p l a c e m e n t c o s t s , i t i s assumed t h a t t h e s t r u c t u r e 
w i l l have a l i f e span o f 25 y e a r s . O t h e r components w i l l 
r e q u i r e r o u t i n e maintenance and p o s s i b l e r e p l a c e m e n t . T h i s 
a s p e c t i s assumed t o be i n c l u d e d i n t h e a l l o w a n c e f o r 
maintenance. 
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3.6 F u e l Replacement C o s t s 
I f t h e c o s t o f f u e l t o g e n e r a t e IkWh i n s u c c e s s i v e y e a r s 
^pl'V - - - ^ p i 
Then t h e p r e s e n t v a l u e o f t h e c o s t o f f u e l t o g e n e r a t e 1 
kWh i n y e a r i , V^ ,^ i s g i v e n by 
^ i = f p i ^  ^ d i 
where; f , . = (1 + r) d i 
i = y e a r number w i t h r e s p e c t t o a p a r t i c u l a r y e a r 
r = t e s t d i s c o u n t r a t e 
The p r e s e n t v a l u e o f t h e c o s t o f f u e l t o g e n e r a t e 1 kWh 
p e r y e a r f o r N y e a r s , PV, i s g i v e n by 
T h i s i s e q u a l t o f i n a n c i a l s a v i n g o f 1 kWh p e r y e a r f o r N 
y e a r s , S. 
I f t h e r e n e w a b l e p l a n t p r o d u c i n g t h e f u e l s a v i n g has a 
p l a n t f a c t o r o f 0.3, s e c t i o n 3.5 above, t h e n t h e f i n a c i a l 
s a v i n g o v e r N y e a r s o f IkW o f r a t e d c a p a c i t y i n a y e a r o f 
8760 h o u r s , i s g i v e n by 
= 8760 X 0.3 x PV 
T h i s r e p r e s e n t s t h e c a p i t a l sum p e r kW o f r a t e d 
c a p a c i t y t h a t would be s a v e d o v e r t h e l i f e o f t h e 
renewable p l a n t , and i s t a k e n t o be t h e sum which c o u l d be 
i n v e s t e d i n renewable p l a n t p e r kW o f r a t e d c a p a c i t y . The 
p r o j e c t as a whole i s assumed t o have a b e n e f i t / c o s t r a t i o 
o f u n i t y , s e c t i o n 3.1 above. 
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To i n d i c a t e t h e c o s t o f energy from t h e renewable 
( a t t r i b u t a b l e t o f u e l r e p l a c e m e n t ) o v e r t h e l i f e o f t h e 
p l a n t a c o n s t a n t charge r a t e i s c a l c u l a t e d . T h i s c h a r g e 
r a t e made o v e r the l i f e o f t h e p l a n t would y i e l d t h e 
c a p i t a l sum i n v e s t e d . T h i s i s t h e same as c a l c u l a t i n g t h e 
v a l u e o f an a n n u i t y , X, w h i c h o v e r t h e l i f e o f t h e 
renewable w o u l d y i e l d a sum e q u a l t o t h e f i n a n c i a l s a v i n g 
o f 1 kwh per y e a r f o r N y e a r s , i e . 
N 
S = ^ X f ^ ^ (Wi l k e s , 8 3 ) 
i=0 
and hence 
X= N 
An example o f t h i s c a l c u l a t i o n i s g i v e n i n Appendix 1.2. 
Based on the above, f u e l r e p l a c e m e n t v a l u e s were 
c a l c u l a t e d f o r each o f t h e Ch a n n e l I s l a n d s f o r each o f t h e 
t h r e e p o s s i b l e economic f u t u r e s c o n s i d e r e d . These v a l u e s 
are p r e s e n t e d below. ( I t s h o u l d be n o t e d t h a t v a l u e s f o r 
maintenance and t r a n s m i s s i o n g i v e n below d i f f e r from t h o s e 
p u b l i s h e d by Cave & Evans ( 8 4 ) , w h i c h were based on ETSU 
(83) o f f s h o r e wind t r a n s m i s s i o n c o s t s . The use o f t h e 
p r e s e n t l o w e r e s t i m a t e i s d i s c u s s e d i n C h a p t e r 4.) 
J e r s e y and Guernsey 
Case I I I I I I 
E/kW p/kWh £/kW p/kWh £/kW p/kWh 
C a p i t a l c o s t 2040 5.5 1574 4.25 1340 3.6 
T r a n s m i s s i o n 396 0.9 396 0.9 396 0.9 
& maintenance 
T u r b i n e & 1644 4.6 1178 3.35 944 2.7 
s t r u c t u r e 
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A l d e r n e y 
Case I I I I I I 
E/kWh p/kWh £/kW p/kWh E/kW p/kWh 
C a p i t a l c o s t 3269 8.8 2521 6.8 2148 5.8 
T r a n s m i s s i o n 396 0.9 396 0.9 396 0.9 
& maintenance 
T u r b i n e & 2873 7.9 2125 5.9 1752 4.9 
s t r u c t u r e 
The above p r o c e d u r e has been r e p e a t e d f o r a number o f 
payback p e r i o d s , t h e r e s u l t s a r e p r e s e n t e d below. 
J e r s e y and Guernsey 
Case I I I I I I 
Payback £/kW p/kWh E/kW p/kWh £/kW p/kWh 
y e a r s 
10 855 4.18 730 3.60 669 3.30 
15 1279 4.68 104 3.84 931 3.40 
20 1677 5.12 1328 4.06 1154 3.50 
A l d e r n e y 
Case I I I I I I 
Payback E/kW p/kWh E/kW p/kWh E/kW p/kWh 
y e a r s 
10 1369 6.7 1170 5.77 1071 5.28 
15 2049 7.5 1678 6.15 1492 5.47 
20 2686 8.2 2128 6.50 1848 5. 60 
The above a r e i l l u s t r a t e d i n F i g 3.1 - 3.4. 
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The f u e l r e p l a c e m e n t v a l u e s a r e t a k e n t o r e p r e s e n t 
t h e l e v e l o f i n v e s t m e n t t h a t c o u l d be e x p e c t e d o r t h e 
t a r g e t c o s t s f o r t h e e x t r a c t i o n t e c h n o l o g y , a co m p a r i s o n 
i s made i n C h a p t e r 4. 
3.7 Enhanced Economics 
The c h a r a c t e r i s t i c s o f i n d i v i d u a l 
p o t e n t i a l s i t e s i s not c o n s i d e r e d a t t h i s s t a g e , however 
t h e r e a r e p a r t i c u l a r c o n d i t i o n s w h i c h c o u l d g i v e r i s e t o 
the improvement o f the economic c a s e , i f t h e s e a r e 
i d e n t i f i e d as b e i n g w o r t h w h i l e as a c l a s s o f s i t e t h e n 
t h i s h e l p s i n the t a s k o f s i t e s e l e c t i o n . 
T i d a l s t r e a m s , i f e x p l o i t e d as o u t - o f - p h a s e p a i r s , 
g i v e r i s e t o a p o t e n t i a l c o n t r i b u t i o n t o c a p a c i t y c r e d i t 
and t h i s must be a l l o w e d f o r i n a f i n a l assessment. The 
c o n t r i b u t i o n t o c a p a c i t y o f a system made by a p a r t i c u l a r 
p l a n t depends on i t s a b i l i t y t o p r o v i d e power under 
c o n d i t i o n s o f peak demand. I n p r i n c i p l e t h i s d e f i n i t i o n 
a p p l i e s e q u a l l y t o c o n v e n t i o n a l and renewable p l a n t as 
n e i t h e r i s always a v a i l a b l e . The d i f f e r e n c e between t h e 
c o n t r i b u t i o n t o c a p a c i t y made by c o n v e n t i o n a l and 
renewable p l a n t i s one o f degree r a t h e r t h a n k i n d , 
(Drew,81). 
The c o n t r i b u t i o n made t o c a p a c i t y by a renewable i s 
t a k e n t o be the d i f f e r e n c e between t h e c a p a c i t y o f t h e 
c o n v e n t i o n a l p l a n t r e q u i r e d t o meet system s e c u r i t y w i t h 
and w i t h o u t the renewable i n t h e system. In o r d e r f o r a 
renewable t o c o n t r i b u t e t o f i r m power t h e system demand 
must i n c r e a s e o r o l d p l a n t be r e p l a c e d , o t h e r w i s e t h e 
renewable s e r v e s o n l y t o re d u c e c o n v e n t i o n a l f u e l c o s t s . 
To e v a l u a t e the c o n t r i b u t i o n t o f i r m power f u t u r e 
developments i n t h e demand p a t t e r n must be d e f i n e d . 
C l e a r l y t h i s i s not p o s s i b l e a t t h i s s t a g e . However, t h e 
use o f o u t - o f - p h a s e streams i n c r e a s e s t h e p r o p o r t i o n o f 
the t i m e d u r i n g the demand c y c l e when a t i d e m i l l scheme 
i s l i k e l y t o c o n t r i b u t e t o t h e system, and t h e p r o p o r t i o n 
o f the ti m e when i t i s l i k e l y t o c o n t r i b u t e t o peak 
demand. Under t h e s e c i r c u m s t a n c e s t h e economics o f t i d e 
m i l l s would be enhanced. As an i l l u s t r a t i o n o f t h e s e 
s p e c i f i c b e n e f i t s two s i m p l e examples a r e c o n s i d e r e d ; 
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( i ) Phase d i f f e r e n c e ; two c o n f i g u r a t i o n s o f a p a i r o f 
t i d e m i l l s a r e examined. 
W i t h b o t h d e v i c e s i n s t reams w h i c h a r e i n - p h a s e , t h e 
power o u t p u t can be a p p r o x i m a t e d by: 
P = Lcos"^wt 
where w i s t h e a n g u l a r speed o f t h e s d s t r e a m . 
Maximum o u t p u t i s L and t h e minimum o u t p u t i s z e r o , so 
t h a t a d i e s e l o f c a p a c i t y L would be r e q u i r e d t o f o l l o w 
t h e t i d a l o u t p u t and m a i n t a i n a c o n s t a n t r e q u i r e d l o a d o f 
L. 
W i t h a 90 degree phase d i f f e r e n c e between s i t e s t h e 
power o u t p u t , t o t h e same a p p r o x i m a t i o n , i s g i v e n by 
P = O.SLcos^wt + O.SLcos^(wt-90°) 
Maximum o u t p u t i s L, and minimum i s 0.35L, so t h a t a 
d i e s e l o f c a p a c i t y 0.65L i s r e q u i r e d t o f o l l o w the t i d a l 
o u t p u t and m a i n t a i n a c o n s t a n t r e q u i r e d l o a d o f L. 
V a r i a t i o n i n c a p a c i t y s a v i n g w i t h p h a s e - l a g f o r t h i s 
example i s i l l u s t r a t e d i n F i g 3.5. 
The b e n e f i t g a i n e d w i t h t h e o u t - o f - p h a s e p a i r i s a 
35% c a p a c i t y s a v i n g , w i t h t h e same f u e l s a v i n g as t h e i n -
phase p a i r . An a d d i t i o n a l , and p o s s i b l y more i m p o r t a n t 
r e s u l t i s t h e improved o p e r a t i n g c o n d i t i o n s o f the d i e s e l , 
w i t h b e n e f i c i a l consequences f o r p l a n t l i f e and 
maintenance c o s t s . T h i s i s seen i n F i g 3.6, where t h e l o a d 
v a r i a t i o n i n t h e c a s e o f t h e o u t - o f - p h a s e p a i r i s s m a l l , 
and an optimum mean l o a d c o u l d be s e l e c t e d . The l o a d 
v a r i a t i o n i n t h e c a s e o f t h e i n - p h a s e p a i r i s v e r y l a r g e , 
making i t i m p o s s i b l e t o s e l e c t an optimum c o n d i t i o n f o r 
the d i e s e l . A p a i r o f o u t - o f - p h a s e s i t e s e x i s t o f f t h e 
c o a s t o f Guernsey and t h e e x i s t e n c e o f o t h e r s i s d i s c u s s e d 
w i t h the r e s u l t s o f m o d e l l i n g . 
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( i i ) F l o o d ebb asymmetry. Where t h i s f e a t u r e e x i s t s , 
f o r example o f f t h e c o a s t o f A l d e r n e y , F i g . 3.7, below, i t 
i s p o s s i b l e t o e n v i s a g e s i n g l e d i r e c t i o n d e v i c e s 
p o s i t i o n e d i n asymmetries o f t h e o p p o s i t e sense g i v i n g 
r i s e t o power o v e r a s u b s t a n t i a l p a r t o f t h e t i d a l c y c l e . 
In t h i s way the c o n t i b u t i o n from t h e combined p a i r would 
be more u n i f o r m t h a n t h a t f rom two d e v i c e s d e p l o y e d i n 
streams w i t h the same f l o o d ebb c h a r a c t e r i s t i c s . I n 
a d d i t i o n t h e p o s s i b i l i t y o f a c o n t r i b u t i o n t o f i r m power 
e x i s t s . T h i s c o n t r a s t s f a v o u r a b l y w i t h o t h e r renewables 
whose o u t p u t i s s t o c h a s t i c ; when an i n c r e a s e i n t h e 
number, o r l o c a l p o s i t i o n , o f d e v i c e s d e p l o y e d would n o t 
n e c e s s a r i l y a l t e r t h e l i k e l i h o o d o f t h e i r o u t p u t 
c o i n c i d i n g w i t h demand. The use o f s i n g l e - d i r e c t i o n 
d e v i c e s , w h i c h a r e would be o f s i m p l e r d e s i g n than 
b i - d i r e c t i o n a l d e v i c e s , s h o u l d l e a d t o a l o w e r c o s t 
scheme. 
Such an asymmetry i s known t o be g e n e r a t e d o f f t h e 
e a s t e r n t i p o f A l d e r n e y , Warburg(45). The g e o g r a p h i c a l 
e x t e n t o f t h i s b e h a v i o u r i s u n c e r t a i n , and i t i s p o s s i b l e 
t h a t i t i s l i m i t e d t o a r e g i o n c l o s e t o t h e c o a s t l i n e , 
where the v e l o c i t i e s a r e much l e s s t h a n t h o s e i n t h e main 
f l o w p a s t t h e i s l a n d . F i g 3.7. I t i s c l e a r l y n e c e s s a r y t o 
e s t a b l i s h t h e p o s i t i o n o f t h i s f e a t u r e p r i o r t o 
c o n s i d e r a t i o n o f the r e g i o n f o r s i t e s e l e c t i o n . T h i s t y p e 
o f b e h a v i o u r i s d i s t i n c t from t h e g r a d u a l l y c h a n g i n g phase 
o b s e r v e d a l o n g l o n g e r c o a s t l i n e s . 
The p o s i t i o n and e x t e n t o f t h i s , and s i m i l a r 
f e a t u r e s , can be d e t e r m i n e d , i n t h e f i r s t i n s t a n c e , o n l y 
by t h e a p p l i c a t i o n o f h i g h r e s o l u t i o n n u m e r i c a l models. 
The development and a p p l i c a t i o n o f such a model forms t h e 
second p a r t o f t h i s work. 
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F i g . 3.7 Flood-ebb aysmmetry, Alderney 
C h a p t e r 4 C o s t i n g 
4.1 I n t r o d u c t i o n 
An e s t i m a t e o f t h e l i k e l y c o s t o f t h e 
t e c h n o l o g y i s r e q u i r e d f o r co m p a r i s o n w i t h t h e d e r i v e d 
t a r g e t c o s t s , p r i o r t o a d e c i s i o n t o i n v e s t e i t h e r i n a 
p r o t o t y p e scheme o r a f u l l d e s i g n s t u d y . I t i s c l e a r t h a t 
o b t a i n i n g such e s t i m a t e s i s f r a u g h t w i t h u n c e r t a i n t i e s . An 
a p p r o p r i a t e l e v e l o f system s p e c i f i c a t i o n must be a c h i e v e d 
t o b a l a n c e t h e c o n f l i c t i n g needs o f maximum i n f o r m a t i o n 
about the l i k e l y c o s t s and minimum c o n s t r a i n t on t h e 
system. The t e m p t a t i o n t o d e s i g n i n d e t a i l t o overcome 
o b v i o u s t e c h n i c a l d i f f i c u l t i e s has t o be a v o i d e d , s i n c e 
such a p r o c e s s would l e a d t o i n d i v i d u a l c o s t e s t i m a t e s 
more a c c u r a t e t h a n r e q u i r e d , a t t h e expense o f t h e 
development o f a c o h e r e n t c o s t i n g s t r u c t u r e . I t i s w i t h 
t h i s l a s t c o n s i d e r a t i o n i n mind t h a t an e a r l y d e c i s i o n on 
how t o approach t h e p r o b l e m o f system s p e c i f i c a t i o n and 
c o s t i n g was made. 
C o s t e s t i m a t e s f o r t h e renewable t e c h n o l o g i e s i n t h e 
U.K. have u s u a l l y been made by u n d e r t a k i n g system d e s i g n , 
from w h i c h e s t i m a t e s have been p r e p a r e d f o r l a b o u r , 
m a t e r i a l , c o n s t r u c t i o n , i n s t a l l a t i o n , c o m m i s s i o n i n g and 
o p e r a t i o n a l t a s k s . T h i s p r o c e s s , sometimes termed b o t t o m -
up e s t i m a t i n g , has the d i s a d v a n t a g e t h a t f o r a c c u r a t e 
r e s u l t s a v e r y d e t a i l e d d e s i g n s t u d y i s r e q u i r e d . I n 
g e n e r a l , such s t u d i e s a r e t i m e consuming and e x p e n s i v e , 
and i t would be d i f f i c u l t t o j u s t i f y e mbarking on such an 
approach w i t h the r e s o u r c e s a v a i l a b l e i n t h i s s t u d y . An 
a l t e r n a t i v e approach i s c o s t m o d e l l i n g , where s e l e c t e d 
c h a r a c t e r i s t i c s o f a p r o j e c t a r e used d i r e c t l y t o y i e l d 
c o s t s , removing t h e need f o r d e t a i l e d d e s i g n . Such methods 
ar e sometimes termed top-down. C h a r a c t e r i s t i c s which a r e 
c o n s i s t e n t l y r e l a t e d t o one o r more system s , o r 
components, such as w e i g h t o r power o u t p u t , can be used t o 
o b t a i n o r d e r o f magnitude c o s t s r e l a t i v e l y q u i c k l y from a 
s e n s i b l e minimum o f i n p u t d a t a ( T a y l o r , 8 5 ) . T h i s method 
not o n l y a l l o w s p r o g r e s s t o be made a t an e a r l y s t a g e o f 
stu d y b u t e a s i l y c a t e r s f o r changes i n system 
s p e c i f i c a t i o n . 
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In g e n e r a l , f a r more o p t i o n s a r e l i k e l y t o be 
c o n s i d e r e d when no g r e a t i n v e s t m e n t i n d e t a i l e d d e s i g n has 
been made. 
The method o f c o s t i n g a d o p t e d i n t h i s s t u d y has been 
e s s e n t i a l l y top-down and r e s o r t s t o a l i m i t e d number o f 
m a n u f a c t u r e r ' s e s t i m a t e s . Where such e s t i m a t e s have been 
sought, mid-range o r r e p r e s e n t a t i v e systems s p e c i f i c a t i o n s 
have been employed. The p r o c e d u r e t h e n i n d i c a t e s w h i c h 
a s p e c t s o f t h e system a r e most c a p i t a l i n t e n s i v e , o r 
s e n s i t i v e , and w h i c h may r e q u i r e more d e t a i l e d 
c o n s i d e r a t i o n . 
Such an approach i s n o t s i t e s p e c i f i c and the aim i s 
t o compare l i k e l y c o s t s a t t y p i c a l s i t e s w i t h t a r g e t 
c o s t s . 
4.2 A p p l i c a t i o n 
U s i n g t h e t e c h n i q u e o u t l i n e d above, a 
c o s t i n g has been produced f o r two 0.5 MW, 16m d i a m e t e r , 
t i d e m i l l u n i t s o p e r a t i n g i n a 2.5 m/s v e l o c i t y stream and 
i n s t a l l e d a t the same t i m e . The r e s u l t s a r e g i v e n i n 
T a b l e 4.2. The r e s u l t i n g c o s t i s 1730£/kW. T h i s c o s t 
compares w e l l w i t h an e a r l i e r e s t i m a t e by Wyman(76), i n 
wh i c h a d e v i c e w i t h 15m d i a m e t e r t u r b i n e b l a d e s was c o s t e d 
a t 841£/kW; a p p l y i n g i n d i c e s f o r t h e i n c r e a s e i n c o s t o f 
i n d u s t r i a l p r o d u c t s t h i s i s e q u i v a l e n t t o a 1985 v a l u e o f 
1830£/kW. 
In o r d e r t o o b t a i n c o s t s i n t h e p r e s e n t s t u d y , an 
o u t l i n e e x t r a c t i o n scheme was d e f i n e d . The f e a t u r e s 
r e q u i r e d f o r c o s t i n g p u r p o s e s a r e d i s c u s s e d below. The 
l e v e l o f s p e c i f i c a t i o n was d e t e r m i n e d i n c o n j u n c t i o n w i t h 
the m a n u f a c t u r e r o r s p e c i a l i s t c o n c e r n e d and was 
c o n s i s t e n t w i t h the r e q u i r e m e n t s o f p r o d u c i n g o r d e r o f 
magnitude e s t i m a t e s . A l l p r i c e s have been c o r r e c t e d t o mid 
1985 v a l u e s u s i n g i n d i c e s f o r m a n u f a c t u r i n g i n d u s t r y (UN, 
Monthly B u l l e t i n o f S t a t i s t i c s , 1 9 8 6 ) . 
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4.3 O u t l i n e Technology 
As i n d i c a t e d above a f o r m a l , 
d e s i g n a n a l y s i s i s n e i t h e r d e s i r a b l e nor p o s s i b l e a t an 
e a r l y s t a g e o f a f e a s i b i l i t y s t u d y . I t i s , however 
p o s s i b l e t o i d e n t i f y t h e m ajor e l e m e n t s o f an e x t r a c t i o n 
system. I t i s c o n s i d e r e d t h a t any such system would 
comprise e s s e n t i a l l y s t a n d a r d e n g i n e e r i n g components and 
sub-systems a l b e i t employed i n an u n c o n v e n t i o n a l way. I n 
g e n e r a l i t i s assumed t h a t no s t e p change i n t e c h n o l o g y 
would be r e q u i r e d i n t h e r e a l i s a t i o n o f t i d e m i l l schemes, 
and t h a t t h e t i m e from a d e c i s i o n t o i n v e s t t o u s e f u l 
deployment would be k e p t t o a minimum. S o l u t i o n s t o 
i d e n t i f i a b l e e n g i n e e r i n g and e n v i r o n m e n t a l problems have 
been sought from e s t a b l i s h e d o f f s h o r e a c t i v i t i e s . D e t a i l s 
o f the t r a n s f e r o f s o l u t i o n from one t e c h n o l o g y t o a n o t h e r 
have n o t been s t u d i e d i n d e p t h , bu t a s p e c t s o f each a r e 
d i s c u s s e d , as a p p r o p r i a t e , and major s t u d i e s i d e n t i f i e d . 
Each t i d e m i l l i s e n v i s a g e d as b e i n g o f modest o u t p u t 
(200kW-lMW) and t h e g e n e r a l c o n f i g u r a t i o n o f t h e d e v i c e s 
proposed i s shown i n F i g 4.1. 
The s ystem i s s u b d i v i d e d under a number o f h e a d i n g s , 
each i d e n t i f y i n g a t e c h n o l o g i c a l a s p e c t o r c o s t a r e a f o r 
c o n s i d e r a t i o n . The s u b d i v i s i o n i s g i v e n i n T a b l e 4.1. As 
t h e p r e s e n t work i s not aimed a t t h e s e l e c t i n g or 
d e s i g n i n g s p e c i f i c s o l u t i o n s , o n l y t h o s e a s p e c t s o f t h e 
t e c h n o l o g y r e q u i r e d f o r c o s t i n g p u r p o s e s a r e d i s c u s s e d 
below. 
4.4 R o t a t i n g Equipment 
( i ) R o t o r 
The o n l y u n c o n v e n t i o n a l component i n t h i s 
sub-system i s t h e r o t o r . GRP b l a d e s a r e e n v i s a g e d . 
D i s c u s s i o n s w i t h m a n u f a c t u r e r s i n d i c a t e t h a t a wide range 
o f b l a d e s i z e s and c o n t o u r s c o u l d be c o n s t r u c t e d , u s i n g 
s t a n d a r d t e c h n i q u e s f o r r o t a t i o n a l speeds i n t h e range 
5-10 r e v / m i n (Gou l d , 8 5 ) . 
I n i t i a l d i s c u s s i o n s i n d i c a t e d t h a t t h e major e l e m e n t s 
o f the c o s t would be mould p r e p a r a t i o n and l a b o u r f o r 
i n d i v i d u a l u n i t s . 
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The mould c o s t was t h e most s e n s i t i v e t o o v e r a l l 
d i m e n s i o n s and b l a d e c o n t o u r had l i t t l e i n f l u e n c e . I t was 
c o n c l u d e d t h a t f o r t h e p r e s e n t work, a budget e s t i m a t e 
c o u l d be p r e p a r e d on t h e b a s i s o f a 4 metre l o n g b l a d e o f 
1 metre c h o r d l e n g t h and a maximum t h i c k n e s s o f 0.15 -
0.25 metre, w i t h a c e n t r a l s p a r t o p r o v i d e t h e r e q u i r e d 
s t i f f n e s s and s t r u c t u r a l s t r e n g t h . T h i s judgement was 
based on an o r d e r o f magnitude c a l c u l a t i o n w h i c h i n d i c a t e d 
an a x i a l l o a d on t h e b l a d e s o f about 80-lOOkN. In a d d i t i o n 
an u n s p e c i f i e d t w i s t was a l l o w e d f o r by assuming t h a t t h e 
b l a d e mould would be c o n s t r u c t e d w i t h a lengthways s p l i t . 
The e s t i m a t e g i v e n b e l o w , w h i c h i n c l u d e s the a s s e m b l y 
c o s t o f t h r e e b l a d e s i n t o a hub was c o n s i d e r e d t o s u i t a b l e 
f o r b l a d e s up t o 8m i n l e n g t h ; w i t h t h e c o s t s o f t h e 
b l a d e s b e i n g s c a l e d d i r e c t l y , and an a l l o w a n c e o f up t o 
30% on t h e c o s t a t 8m ( G o u l d , 8 5 ) . 
Item C o s t 
GRP B l a d e s £1700 each. 
T o o l i n g / Mould £3,600 
Assembly o f 3 
b l a d e s i n hub £650 
T o t a l £9,500 
In the o v e r a l l c o s t i n g g i v e n t h e r o t o r c o s t was 
£24,000 f o r 8m b l a d e s , o r about 50£/kW. 
The m a n u f a c t u r e r t h a t p r o v i d e d t h e above i n f o r m a t i o n 
(W&J Todd) have a wide range o f e x p e r i e n c e i n the 
p r o d u c t i o n o f h i g h q u a l i t y g l a s s - f i b r e s t r u c t u r e s f o r 
marine a p p l i c a t i o n , i n p a r t i c u l a r t h e p r o d u c t i o n o f s o n a r 
domes f o r w a r s h i p s . The d u r a b i l i t y o f t h i s m a t e r i a l i n a 
marine environment seems t o be e s t a b l i s h e d , under a l l 
c o n d i t i o n s w i t h t h e e x c e p t i o n o f h i g h i m p a c t . 
33 
( i i ) G e n e r a t o r and Gearbox 
A s p e c t s o f power c o n v e r s i o n 
have been s t u d i e d , (Morgan and Peachey, 79) and sununary o f 
the c o n c l u s i o n s r e a c h e d f o r t h e main o p t i o n s c o n s i d e r e d i s 
as f o l l o w s ; 
I n d u c t i o n g e n e r a t o r s 
The major advantages 
a t t r i b u t e d t o t h i s t y p e o f g e n e r a t o r i n c l u d e 
s i m p l i c i t y , t h e use o f s t a n d a r d s w i t c h g e a r 
t h r o u g h o u t , and t h e l o s s o f g e n e r a t i o n under 
most f a u l t c o n d i t i o n s . R o t o r b l a d e and 
g e n e r a t o r performance need t o be c a r e f u l l y 
matched so t h a t t h e g e n e r a t o r speed i s below 
the c r i t i c a l v a l u e . The major d i s a d v a n t a g e s o f 
i n d u c t i o n g e n e r a t o r s a r e low e f f i c i e n c y and t h e 
need t o c o u p l e t o a " s t i f f " g r i d s u p p l y ; 
g e n e r a t o r s would have t o d i s c o n n e c t e d below 
the t h r e s h o l d v e l o c i t y t o a v o i d u s i n g t h e 
g e n e r a t o r as a motor. 
D.C. g e n e r a t o r s 
Machines o f m o r e - o r - l e s s 
c o n v e n t i o n a l d e s i g n have been c o n s t r u c t e d t o 
o p e r a t e a t e x t r e m e l y low r o t a t i o n a l speeds (50 
rpm). Such d e v i c e s a r e r e l a t i v e l y i n e f f i c i e n t 
because o f t h e low t r a n s m i s s i o n v o l t a g e t h a t 
would r e s u l t . In a s t a n d a r d form such d e v i c e s 
would n o t p r o v e s u i t a b l e . 
Synchronous machines 
n o r m a l l y have r o t a t i o n a l 
speed r i g i d l y c o n t r o l l e d t o mains f r e q u e n c y . 
However, t h e r e i s no r e a s o n a v a r i a b l e speed 
s h o u l d n o t be u s e d , p r o v i d e d t h a t a v a r i a b l e 
f r e q u e n c y can be a c c e p t e d . W i t h dc t r a n s m i s s i o n 
and s i m p l e r e c t i f i e r b r i d g e s t h e l o c a l l y 
g e n e r a t e d f r e q u e n c y i s n o t c o n s t r a i n e d . 
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N a c e l l e and r i m g e n e r a t o r s 
were g i v e n some 
c o n s i d e r a t i o n b u t were not c o n s i d e r e d t o be 
s e r i o u s c o n t e n d e r s . 
GEC a l s o o f f e r e d t o p r o v i d e c o s t d a t a f o r a range o f 
component o p t i o n s . I n p r a c t i c e , o n l y a l i m i t e d number o f 
a l t e r n a t i v e s c o u l d be examined and no o p t i m i s a t i o n s t u d y 
c o u l d be u n d e r t a k e n i n t h e t i m e a v a i l a b l e . I n o r d e r t o 
g a i n an o r d e r o f magnitude c o s t t h e f o l l o w i n g d e v i c e s were 
c o s t e d . 
I n d u c t i o n G e n e r a t o r s 
Output, kW C o s t ExlO D e t a i l 
100 4 
300 15 750 rpm, 8 p o l e 
500 18 
100 3 
300 7 1500 rpm, 4 p o l e 
500 15 
D.C. G e n e r a t o r s 
Output, kW C o s t ExlO"^ D e t a i l 
100 4 1500 rpm 
300 10 
500 25 440-460 v 
100 6 750 rpm 
300 15 
500 35 440-460 v 
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Gearboxes 
Power, kW C o s t £xlO^ D e t a i l 
200 180 5-750 rpm 
500 235 
200 210 5-1500 rpm 
500 270 
The v i e w o f GEC ( P o l l a r d , 8 5 ) was t h a t t h e s e f i g u r e s 
were r e p r e s e n t a t i v e o f t h o s e t h a t would r e s u l t from t h e 
s e l e c t i o n o f s t a n d a r d d e v i c e s , , t a k i n g f u l l a c count o f t h e 
marine o p e r a t i n g e n v i r o n m e n t , t i m e between maintenance and 
the p r o b a b l e n a t u r e o f t h e l o a d c h a r a c t e r i s t i c s . 
As can be seen t h e c o s t o f t h e c o n v e n t i o n a l gearbox 
r e q u i r e d i s h i g h w i t h o p e r a t i o n i n t h e normal range o f 
g e n e r a t o r speeds. P o l l a r d ( 8 5 ) was o f t h e o p i n i o n d e t a i l 
d e s i g n would a l m o s t c e r t a i n l y r e s u l t i n a r e d u c t i o n i n t h e 
above gearbox c o s t s . 
I t seems u n l i k e l y t h a t g e n e r a t i o n poses a s e r i o u s 
t e c h n i c a l p r o b l e m and t h a t o p t i o n s would be examined a t 
the d e s i g n s t a g e , b e f o r e w h i c h GEC were r e l u c t a n t t o 
d i s c u s s t h e q u e s t i o n o f c o s t r e d u c t i o n . 
4.5 S t r u c t u r e 
( i ) G r a v i t y Base 
c o n s i d e r e d i n t h e f i r s t i n s t a n c e . 
The extreme (50 year) sea c o n d i t i o n f o r t h e C h a n n e l 
I s l a n d a r e a i s a 25m wave w i t h a p e r i o d o f 14s 
( B i s h o p , 8 4 ) . A d e s i g n wave o f 20m was used t o e s t i m a t e 
l o a d i n g as b e i n g more r e p r e s e n t a t i v e o f t h e maximum 
s u s t a i n a b l e wave i n wa t e r d e p t h s t y p i c a l o f p o s s i b l e 
s i t e s . Wave f o r c e s have been e v a l u a t e d u s i n g M o r i s o n ' s 
e q u a t i o n (Hogben,et a l , 7 7 ) , w h i c h i d e a l i s e s t h e f o r c e s on 
a s t r u c t u r e as t h e sum o f a d r a g f o r c e and an i n e r t i a 
f o r c e . S e m i - e m p i r i c a l d r a g and i n e r t i a (sometimes c a l l e d 
added mass) c o e f f i c i e n t s a r e r e q u i r e d t o use t h i s 
e q u a t i o n . 
A s i m p l e g r a v i t y base and tower was 
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A s u b s t a n t i a l body o f l i t e r a t u r e e x i s t s c o n c e r n i n g t h e 
s e l e c t i o n o f s u i t a b l e v a l u e s o f t h e s e c o e f f i c i e n t s (eg. 
Hogben,et a l , 7 7 ) , however t h e r e i s c o n s i d e r a b l e s c a t t e r i n 
the r e s u l t s , w h i c h i n most c a s e s a r e d e r i v e d from s c a l e 
s t u d i e s . F o r t h e c o n d i t i o n s e x p e c t e d i n t h e Channel I s l a n d 
r e g i o n the d r a g and i n e r t i a (added mass) c o e f f i c i e n t s were 
t a k e n t o be 0.7 and 2.0 r e s p e c t i v e l y ( K e r r , 8 5 ) . At t h i s 
s t a g e i t was c o n s i d e r e d t o be adequate t o adopt l i n e a r 
wave t h e o r y t o g i v e a f i r s t i n d i c a t i o n o f o r b i t a l 
v e l o c i t i e s and a c c e l e r a t i o n s . 
Dimensions o f t h e s t r u c t u r e were e s t i m a t e d on t h e 
b a s i s o f z e r o n e t t u r n i n g moment and z e r o n e t l a t e r a l 
f o r c e a t t h e sea bed (B.S.6235,82). I n common w i t h o t h e r 
d e s i g n s o f s h a l l o w w a t e r g r a v i t y base s t r u c t u r e s , 
( K e r r , 8 5 ) , t h e l a t t e r c o n d i t i o n o f z e r o n e t l a t e r a l f o r c e 
was not s a t i s f i e d . A s e r i e s o f s i m i l a r c a l c u l a t i o n s was 
p erformed t o e s t a b l i s h t h e s t r u c t u r a l d i m e n s i o n s r e s u l t i n g 
i n the minimum n e t l a t e r a l f o r c e a t t h e sea bed. D e t a i l s 
o f t h e method used t o c a l c u l a t e t h e l a t e r a l f o r c e and 
moment a t the sea bed a r e g i v e n i n Appendix 1.4. For 
c o s t i n g p u r p o s e s a l l o w a n c e f o r a d d i t i o n a l means t o r e s i s t 
t h e e x c e s s l a t e r a l l o a d was a c h i e v e d by an i n c r e a s e i n 
c o n t i n g e n c y from 20 t o 30% o f t h e s t r u c t u r a l c o s t . 
In p r a c t i c a l terms t h e p r oblem can be overcome (a) 
f o r sand o r g r a v e l sea-beds by t h e a d d i t i o n o f a s t e e l 
s k i r t t o the base o f t h e s t r u c t u r e , t h i s p e n e t r a t e s t h e 
sea-bed and r e s u l t s i n an e f f e c t i v e i n c r e a s e i n the w e i g h t 
o f t h e s t r u c t u r e w i t h no l o a d i n g p e n a l t y , a 2m s k i r t was 
found t o be s u f f i c i e n t i n t h i s c a s e ; (b) on r o c k sea-beds 
by t h e use o f 'rock a n c h o r s ' ; t h e s e a r e g r o u t e d i n t o t h e 
sea-bed w i t h t h e base ' t e n s i o n e d ' t o t h e a n c h o r s . 
The c o s t o f s t r u c t u r e s f o r m arine a p p l i c a t i o n , 
i n c l u d i n g b a l l a s t , r e i n f o r c e m e n t , m a n u f a c t u r e and 
i n s t a l l a t i o n was t a k e n t o be £400/ton o f s t r u c t u r a l 
c o n c r e t e ( K e r r , 8 5 ) . The tower was t a k e n t o be s t r u c t u r a l 
c o n c r e t e t h r o u g h o u t and t h e base 60% c o n c r e t e , the 
remainder b a l l a s t . T h i s r a t i o i s s i m i l a r t o t h a t p r o p o s e d 
f o r o f f s h o r e wind t u r b i n e schemes ( K e r r , 8 3 ) . 
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A 16in d i a m e t e r d e v i c e was f o u n d t o be t h e maximum 
t h a t c o u l d be s u p p o r t e d on t h e above s t r u c t u r e ( e q u i v a l e n t 
t o a d e v i c e r a t e d a t 0.5MW i n a s t r e a m w i t h a maximum 
v e l o c i t y o f 2.5m/s). Load due t o t h e r o t o r was e s t i m a t e d 
w i t h t h e b l a d e s p a r k e d and one i n t h e v e r t i c a l p o s i t i o n . 
The r e s u l t i n g c o s t o f t h e s t r u c t u r e was £385,000, 
g i v i n g a s p e c i f i c c o s t o f £770/kW f o r t h e maximum s i z e d 
d e v i c e . R e d u c t i o n i n t h e d i a m e t e r o f t h e d e v i c e does n o t 
s i g n i f i c a n t l y r e d u c e t h e l o a d i n g on t h e s t r u c t u r e and as a 
r e s u l t t h i s t y p e o f s u p p o r t w i l l have a s i m i l a r c o s t f o r 
s m a l l e r d e v i c e s . 
( i i ) M o n o p i l e 
I n v i e w o f t h e h i g h o r d e r o f magnitude c o s t 
o f t h e above a more d e t a i l e d s t u d y i s i n d i c a t e d . I t s h o u l d 
be p o i n t e d o u t , however, t h a t s i g n i f i c a n t s a v i n g s w o u l d be 
r e q u i r e d t o have a r e a l i m p a c t on t o t a l c o s t s . A number o f 
s u p p o r t o p t i o n s e x i s t i n c l u d i n g ; moored submerged 
s t r u c t u r e s , p i l e d frame s t r u c t u r e s and t e n s i o n e d 
m o n o p i l e s . F i g . 4 . 1 , and t h e s e w o u l d r e q u i r e d e t a i l e d 
c o n s i d e r a t i o n p a r t i c u l a r l y f o r s m a l l e r d e v i c e s . 
F o r c o m p a r i s o n a s i m p l e m o n o p i l e was c o s t e d . The 
major c o s t e lement f o r p i l e s up t o 2m i n d i a m e t e r i s t h e 
m o b i l i s a t i o n and o p e r a t i o n o f a s u i t a b l e v e s s e l , 
( W i l l i s , 8 5 ) , I n t h e absence o f p r e c i s e g e o t e c h n i c a l d a t a 
i t i s n o t p o s s i b l e t o e s t i m a t e t h e s i z e o f m o n o p i l e 
r e q u i r e d w i t h any a c c u r a c y , however d i s c u s s i o n w i t h a 
s p e c i a l i s t c o n t r a c t o r ( W i l l i s , 8 5 ) i n d i c a t e t h a t t h e 
d i a m e t e r i s l i k e l y t o be l e s s t h a n 2m. T h i s c o n c l u s i o n was 
r e a c h e d on t h e b a s i s o f t h e d e s i g n wave s e l e c t e d f o r t h e 
g r a v i t y b a s e d s t r u c t u r e . 
C o s t s f o r t h i s t y p e o f s t r u c t u r e a r e e s t i m a t e d on t h e 
b a s i s o f equipment h i r e c h a r g e s . I t i s r e c o g n i s e d t h a t 
such c h a r g e s a r e dependent on t h e g e n e r a l s t a t e o f t h e 
o f f s h o r e i n d u s t r y and t h a t a t t i m e s o f f a l l i n g N o r t h Sea 
o i l a c t i v i t y c h a r g e s may be f a r more a t t r a c t i v e . The 
e s t i m a t e s u sed below a r e f o r a t i m e when t h e N o r t h Sea 
market was s i m i l a r t o t h o s e p r e v a i l i n g i n r e c e n t y e a r s . 
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Work b a r g e , a t t e n d a n t t u g i n c l u d i n g 
crew and p i l i n g equipment £17,000 /day 
M o b i l i s a t i o n i n UK o r n o r t h European 
w a t e r s t o Channel i s l a n d s £50,000 
D e m o b i l i s a t i o n £25,000 
P i l e m a t e r i a l (x2) £20,000 
For two s i t e s i n t h e same a r e a , t h e n t h e c o s t f o r a 
t w e l v e day i n s t a l l a t i o n p e r i o d i s £280,000. An a l l o w a n c e 
f o r an element o f sea-bed p r e p a r a t i o n g i v e s an o r d e r o f 
magnitude c o s t o f £315,000. 
4.6 Scour 
mechanisms o f s c o u r r e q u i r e s c o n s i d e r a t i o n ; o t h e r w i s e 
s t r u c t u r a l l y sound c o n f i g u r a t i o n s a r e n o t n e c e s s a r i l y 
s t a b l e under a l l sea bed c o n d i t i o n s . The i n c l u s i o n o f a 
s k i r t , as d i s c u s s e d above, may n o t on i t s own, improve t h e 
s i t u a t i o n and a d d i t i o n a l measures may be r e q u i r e d ^ The 
movement o f m a t e r i a l away from t h e r e g i o n around t h e base 
may e v e n t u a l l y l e a d t o t h e s t r u c t u r e becoming u n s t a b l e 
( B i s h o p , 8 1 ) . 
A number o f t e c h n i q u e s e x i s t t o combat t h i s p r o b l e m 
( M a i d l e & S t e i n , 8 1 . , D a h l b e r g , 8 1 ) t h e s e i n c l u d e ; 
( i ) Sea bed c o v e r i n g - r o c k f i l l 
The p r o blem o f s e a bed movement t h r o u g h t h e 
- c r u s h e d r o c k i n w i r e mesh 
- sandbags 
( i i ) F i l t e r s u s i n g - m i n e r a l a g g r e g a t e 
- mats h e l d down by r u b b l e o r 
c o n c r e t e / a s p h a l t b l o c k s 
( i i i ) A r t i f i c i a l seaweed - ha n g i n g s t r a n d s 
- u p r i g h t s t r a n d s 
- f i b r e r e i n f o r c e d sand mix 
- s t e e l f a b r i c mats 
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( i v ) Base m o d i f i c a t i o n - s k i r t s 
- w a l l s , b r e a k w a t e r s 
- n y l o n n e t t i n g 
The aim o f a l l o f t h e s e methods i s t o reduce t h e 
l o c a l , n e a r sea bed c u r r e n t and a c h i e v e an e q u i l i b r i u m 
between the n a t u r a l l y m o b i l e m a t e r i a l and t h e i n t r o d u c e d 
s t r u c t u r e . The p r o b l e m o f p r e d i c t i n g t h e o c c u r r e n c e and 
e x t e n t o f t h e s c o u r i n g p r o c e s s i s f a r from s i m p l e . L i m i t e d 
g e o t e c h n i c a l d a t a f o r t h e Normano-Breton g u l f appears i n 
t h e l i t e r a t u r e ( F i l e y , 7 9 ) , b u t t h i s c o n t a i n s i n s u f f i c i e n t 
d e t a i l t o i d e n t i f y t h e e x t e n t t o w h i c h s c o u r p r o t e c t i o n 
would be r e q u i r e d ; d e t a i l e d assessment would be r e q u i r e d 
a t a l a t t e r s t a g e and would i n v o l v e s i t e s p e c i f i c s u r v e y 
work. 
No g e n e r a l g u i d e t o t h e p o s s i b l e c o s t s o f such 
measures seems t o be a v a i l a b l e ; however, c o n s i d e r i n g t h e 
g e n e r a l n a t u r e o f c o s t s o f o f f s h o r e a c t i v i t i e s and t h e raw 
m a t e r i a l s i n v o l v e d , t h e most s i g n i f i c a n t e l e m e n t o f t h e 
c o s t would be i n s t a l l a t i o n and t h i s m i g h t be s m a l l i n 
c omparison w i t h t h e o v e r a l l c o s t o f t h e s t r u c t u r e and i t s 
i n s t a l l a t i o n . I t seems r e a s o n a b l e t o assume t h a t t h e c o s t 
o f s c o u r p r o t e c t i o n would n o t prove t o be c r i t i c a l i n an 
assessment o f t h e p r e s e n t t y p e . 
4.7 Survey 
The c o s t o f s u r v e y work was o b t a i n e d from 
W.S.Ocean Systems, ( S c r i v e n s , 8 6 ) . T h i s company p r o v i d e a 
wide range o f s e r v i c e s t o t h e o f f s h o r e and c i v i l 
e n g i n e e r i n g i n d u s t r i e s . A f u l l range o f equipment h i r e 
c h arges was made a v a i l a b l e i n a d d i t i o n t o r a t e s f o r 
t e c h n i c a l s u p p o r t and v e s s e l c h a r g e s , eg. 
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Equipment; a u t o m a t i c c u r r e n t metres 
r e c o r d i n g equipment 
anchors 
m o o r i n g , e t c . £l06/day 
V e s s e l ; £1,000/day 
T e c h n i c i a n ; £l50/day 
For a t h i r t y day s u r v e y a t two s i t e s i n t h e same 
r e g i o n a t o t a l c o s t o f £16,800 s h o u l d be e x p e c t e d . 
A g e o t e c h n i c a l s u r v e y p e r f o r m e d a t t h e same t i m e 
would be c o s t e d a t about £18,000, g i v i n g a t o t a l c o s t f o r 
sur v e y o f the o r d e r o f £35,000. 
4.8 C o s t s by a n a l o g y 
T h i s s e c t i o n d e t a i l s t h o s e c o s t s 
deduced d i r e c t l y from s t u d i e s o f analogous problems. 
( i ) T r a n s m i s s i o n and G r i d C o n n e c t i o n 
Submarine c a b l e and sh o r e based s u b - s t a t i o n 
r e q u i r e m e n t s have r e c e n t l y been c o s t e d as p a r t o f an 
economic s t u d y o f a p r o p o s e d EdF l i n k t o A l d e r n e y 
( J a c k s o n , 8 4 ) . From t h i s s t u d y a c a b l e c o s t o f 90£/kW r a t e d 
was e s t i m a t e d f o r a c a b l e l e n g t h o f 4km. S u b - s t a t i o n c o s t s 
were o b t a i n e d by a d i r e c t r a t i o o f s t a t i o n c a p a c i t y and 
gave a v a l u e o f 116£/kW r a t e d , f o r a 1 MW r a t e d s t a t i o n . 
I t i s c l e a r t h a t o t h e r c o s t s would be i n c u r r e d 
a s s o c i a t e d w i t h g r i d r e i n f o r c e m e n t , l o a d m o n i t o r i n g and 
management, however s u c h c o s t s a r e f a r t o o s p e c i f i c t o be 
i n c l u d e d a t t h i s s t a g e . 
The c o s t s o f t r a n s m i s s i o n have been e s t i m a t e d i n t h e 
c o n t e x t o f l a r g e o f f s h o r e w i n d t u r b i n e s and t h e r e s u l t s 
summarised by ETSU(82). The f i g u r e s were d e r i v e d i n t h e 
c o n t e x t o f a l a r g e group o f machines (196) w i t h 
i n t e r c o n n e c t i o n between u n i t s p r i o r t o t h e t r a n s m i s s i o n o f 
the o u t p u t from t h e g r o u p , and as such t h e s e e s t i m a t e s a r e 
p r o b a b l y t o o h i g h f o r d i r e c t a p p l i c a t i o n i n t h i s c a s e . F o r 
comparison the range used was 223-246£/kW (1981 v a l u e s ) , 
based on CEGB d a t a f o r t h e Taywood Study(ETSU,82). 
The o f f s h o r e w i n d schemes c o n s i d e r e d were f o r l o c a t i o n i n 
The Wash and Morecambe Bay and as such t r a n s m i s s i o n 
d i s t a n c e s i n v o l v e d would have been o f t h e same o r d e r as i n 
the p r e s e n t work. 
( i i ) A n n u a l maintenance c o s t s 
M a i n t e n a n c e c o s t s a r e t o a l a r g e e x t e n t governed by 
a c c e s s i b i l i t y and o p e r a t i n g e n v i r o n m e n t . F o r t h e p r e s e n t 
purpose i t i s assumed t h a t t h e s e c o s t s f o r t i d e m i l l s w i l l 
be b r o a d l y s i m i l a r t o t h o s e e s t i m a t e d f o r o f f s h o r e w i n d 
g e n e r a t i o n (ETSU,82) a c c o r d i n g l y a f i g u r e 0.7p/kWh has 
been u s e d , t h i s i s t h e t o p end o f t h e range and i s used 
on t h e grounds t h a t no economy o f s c a l e can be a n t i c i p a t e d 
i n t h e p r e s e n t a p p l i c a t i o n . For t h e p u r p o s e s o f c o s t i n g 
the v a l u e o f 0.7p/kWh has been c o n v e r t e d t o a c a p i t a l sum 
o f 306£/kW r a t e d , based on p l a n t l i f e o f 25 y e a r s , TDR o f 
5%, a p l a n t f a c t o r o f 0.3, s t a n d a r d i n d i c e s f o r i n f l a t i o n 
and u s i n g t h e method g i v e n i n C h a p t e r 3, s e c t i o n 3.6. The 
f u l l range o f a n n u a l m aintenance c o s t s q u o t e d by ETSU(82) 
was as f o l l o w s ; 
0.1 p/kWh 1% o f a n n u a l i s e d c a p i t a l c o s t 
0.3 p/kWh Taywood Study 
0.7 p/kWh ETSU u s i n g EASAMS L t d . model 
A r e v i e w o f UK, US and Swedish s t u d i e s (Dixon & Low,81) 
g i v e v a l u e s o f 0.5,0.6 and 0.4 p/kWh. 
The e v e n t u a l c o s t o f maintenance w i l l depend upon t h e 
s c a l e o f deployment, o f s u c h d e v i c e s and t h e a v a i l a b i l i t y 
o f l o c a l f a c i l i t i e s . Even w i t h modest l e v e l s o f deployment 
the r e q u i r e m e n t f o r r e g u l a r i n s p e c t i o n , e s p e c i a l l y w i t h 
e a r l y d e v i c e s , c o u l d l e a d t o the development o f a l o c a l 
s e r v i c e i n d u s t r y ; many o f t h e b a s i c s k i l l s t h a t would be 
r e q u i r e d e x i s t i n i s l a n d communities w i t h a marine 
t r a d i t i o n . The development o f a s o u r c e o f e x p e r t i s e would 
be o f p a r t i c u l a r v a l u e i n d e a l i n g w i t h u n f o r e s e e n problems 
and t h e c l e a r i n g o f d e b r i s s c r e e n s i f f i t t e d . 
L a rge s c a l e maintenance i s l i k e l y t o f a l l i n t o two 
c a t e g o r i e s . 
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( i ) That a s s o c i a t e d w i t h m a c h i n e r y i n c l u d e s the 
r o u t i n e o v e r h a u l o f g e n e r a t o r , gearbox e t c . , i n t h e 
n a c e l l e ; and t h e r e p l a c e m e n t o f t h e r o t o r . The t i m i n g o f 
t h e s e a c t i v i t i e s t h r o u g h t h e l i f e o f t h e p l a n t s h o u l d be 
e a s i l y e s t a b l i s h e d a t t h e d e s i g n s t a g e . 
( i i ) The r e m o v a l o f m a r i n e growth from t h e s t r u c t u r e 
t o m a i n t a i n o p e r a t i o n w i t h t h e d e s i g n l o a d can to a l a r g e 
e x t e n t be p l a n n e d i n advance once t h e n a t u r e o f t h e m a r i n e 
growth has been e s t a b l i s h e d . A r e a s o f t h e N o r t h Sea have 
been s t u d i e d i n t h i s c o n t e x t ( O l d f i e l d , 8 0 . OPT(4),80). 
R e s u l t s i n d i c a t e t h a t i n s h a l l o w w a t e r s ( s o u t h e r n f i e l d ) 
the c o l o n i s a t i o n by t h e p r i n c i p a l forms o f marine g r o w t h 
i s i n t h e f i r s t i n s t a n c e a t h r e e t o f i v e y e a r p r o c e s s w i t h 
r e c o l o n i s a t i o n i n two t o t h r e e y e a r s t h e r e a f t e r . The main 
t y p e s o f growth c o n s i d e r e d were k e l p s and h a r d growths 
such as m u s s e l s . 
C l e a n i n g a c t i v i t i e s c a n be c o s t e d from d i v i n g and 
s u p p o r t v e s s e l c o s t s ; t h e s e can v a r y d e p ending on t h e 
g e n e r a l l e v e l o f a c t i v i t y i n t h e o i l i n d u s t r y and t h e 
a v a i l a b i l i t y o f l o c a l s k i l l s and f a c i l i t i e s , based on d a t a 
g i v e n by O l d f i e l d ( 8 0 ) , and u s i n g s t a n d a r d i n d i c e s f o r 
i n f l a t i o n , a t h r e e week c l e a n i n g p e r i o d i n v o l v i n g a team 
o f e i g h t d i v e r s , a c o s t o f £30,000 i s d e r i v e d . I f t h i s i s 
t a k e n as a c o s t , per i n s t a l l a t i o n a t f i v e y e a r s t h e n e v e r y 
t h i r d y e a r , an a d d i t i o n a l c o s t o f about £15/kW i s i n c u r r e d 
t h i s i s s m a l l compared t o t h e o v e r a l l e s t i m a t e f o r 
maintenance used above. 
Maintenance c o s t s w i l l a l s o depend t o a l a r g e e x t e n t 
on the measures b u i l t i n t o t h e d e s i g n t o p r o t e c t t h e 
i n s t a l l a t i o n from t h e e n v i r o n m e n t . C o r r o s i o n and f o u l i n g 
can be c o n s i d e r e d as u n a v o i d a b l e , i n t h i s c a s e the l i f e 
t i m e s o f components would be e s t i m a t e d and a r e p l a c e m e n t 
s c h e d u l e d e t e r m i n e d and f o l l o w e d . A l t e r n a t i v e l y some 
measure o f p r o t e c t i o n can be i n t r o d u c e d t o r e t a r d t h e s e 
v a r i o u s e f f e c t s . T h i s may r e s u l t i n i n c r e a s e d p e r i o d s 
between maintenance and/or r e p l a c e m e n t b u t r e s u l t i n 
h i g h e r i n i t i a l o u t l a y , c l e a r l y , i n p r a c t i c e a b a l a n c e 
would be sought, t h o s e measures b e i n g a d o p t e d t h a t can be 
i n t r o d u c e d a t a r e a s o n a b l e c o s t . 
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( i i i ) N a c e l l e 
The i n t e r n a l s t r u c t u r e , f i x t u r e s and f i t t i n g s a r e 
assumed t o f o l l o w c o n v e n t i o n a l base and end p l a t e d e s i g n , 
the whole b e i n g c o n t a i n e d i n a s e a l e d GRP o r s t e e l s h e l l , 
the c o s t has been e x t r a c t e d from e s t i m a t e s by M i l l e r and 
C o r r e n ( 8 4 ) , whose c o s t s f o r t h i s s ub-system were d e r i v e d 
m a t e r i a l and l a b o u r c o s t s . 
( i v ) D e b r i s s c r e e n 
The n a t u r e o f d e b r i s t h a t m i g ht be e n c o u n t e r e d a t 
r o t o r depths i s d i f f i c u l t t o d e t e r m i n e . I t i s assumed f o r 
the purposes o f c o s t i n g t h a t i t i s d e s i r a b l e t o a f f o r d 
some p r o t e c t i o n a g a i n s t damage from i m p a c t w i t h l a r g e 
f i s h , t i m b e r e t c . The e x a c t d e s i g n w i l l a l s o depend on t h e 
s i t e and d e v i c e , a n o m i n a l c o s t has been t a k e n from M i l l e r 
and C o r r e n ( 8 4 ) , s c a l e d a c c o r d i n g t o a r e a o f i n t e r r u p t e d 
f l o w c a l c u l a t e d from r o t o r b l a d e d i a m e t e r . 
(v) S e a l s and B e a r i n g s 
The o v e r a l l m a c h i n e r y c o n f i g u r a t i o n a n t i c i p a t e d i n 
the p r e s e n t work f o l l o w s c o n v e n t i o n a l l i n e s and i s s i m i l a r 
t o t h a t p r o p o s e d i n t h e New York p r o j e c t ( C o r r e n & M i l l e r , 
84) . The c o s t s o f t h e s e a l s and b e a r i n g s have been 
e x t r a c t e d , s c a l e d a c c o r d i n g t o a power o u t p u t r a t i o . The 
c o s t s i n t h i s c ase were m a n u f a c t u r e r ' s q u o t e s , f o r 
s t a n d a r d i t e m s . 
4.9 Cos t E s t i m a t e s 
A l l e a r l y c o s t e s t i m a t e s a r e t o some 
e x t e n t s p e c u l a t i v e i n n a t u r e , and i t i s w o r t h g i v i n g some 
c o n s i d e r a t i o n t o t h e i n t e r p r e t a t i o n o f c o s t s d e r i v e d i n 
terms o f the ranges o f v a l u e s w h ich s h o u l d be a s s o c i a t e d 
w i t h each o f t h e e s t i m a t e s . 
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I n g e n e r a l t h e t y p e s o f e s t i m a t e s used and t h e i r 
e x p e c t e d a c c u r a c i e s can be c l a s s i f i e d , a c c o r d i n g t o Spon's 
(8 5 ) , as f o l l o w s ; 
O rder o f magnitude +30% a c c u r a c y 
Budget +15% 
D e f i n i t i v e + 5% 
I n a d d i t i o n i n t h i s s t u d y a number o f c o s t s were 
based on c u r r e n t h i r e c h a r g e s o r had a q u a l i f i c a t i o n 
p l a c e d on t h e c o s t by t h e s p e c i a l i s t c o n c e r n e d . The t y p e 
o f e s t i m a t e o b t a i n e d and t h e i m p l i e d range f o r each o f t h e 
c o s t a r e a i s shown i n T a b l e 4.3. 
As can be seen a wide range o f p o s s i b l e e v e n t u a l 
c o s t s i s i n d i c a t e d , i t i s common p r a c t i c e t o t a k e a 
p e s s i m i s t i c v i e w o f such e s t i m a t e s and q u o t e t h e t o p o f 
t h e range v a l u e s . In t h e above ap p r o a c h m i d d l e o f t h e 
range v a l u e s have been q u o t e d e x c e p t where i n d i c a t e d . 
The purpose h e r e i s n o t t o i n d i c a t e where i n t h i s 
range the e v e n t u a l c o s t m i g h t l i e , b u t r a t h e r t o i n d i c a t e 
the l e v e l o f u n c e r t a i n t y t h a t i s u n a v o i d a b l e a t t h i s 
s t a g e . 
A n o t a b l e f e a t u r e o f t h e p r e s e n t e s t i m a t e i s t h a t two 
o f t h e c o s t h e a d i n g s dominate; namely t h e gearbox and 
g r a v i t y base s t r u c t u r e . C o n s i d e r a b l e r e d u c t i o n i n t h e s e 
c o s t would be r e q u i r e d b e f o r e t h e o v e r a l l o r d e r o f 
magnitude c o s t would be s i g n i f i c a n t l y a l t e r e d . 
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Sub-system Component 
R o t a t i n g equipment r o t o r , hub, s h a f t , gearbox, 
g e n e r a t o r , b e a r i n g s , c o u p l i n g s 
N a c e l l e s h e l l , s e a l s , d e b r i s s c r e e n 
S t r u c t u r e 
g r a v i t y base 
m a t e r i a l , 
m o n o p i l e 
i n t e r n a l s k e l e t o n / p r e s t r e s s i n g , 
c o n c r e t e f i l l , forms p i l e 
t e n s i o n c a b l e , buoyancy 
T r a n s m i s s i o n 
G r i d c o n n e c t i o n 
submarine c a b l e , s h o r e s i d e c a b l e 
and s w i t c h g e a r 
T a b l e 4.1 S u b d i v i s i o n o f T e c h n o l o g y . 
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Cost h e a d i n g Source o f Data C o s t E/kW 
R o t o r and hub Gould (85) 50 
Gearbox P o l l a r d (85) 540 
G e n e r a t o r P o l l a r d (85) 50 
Other r o t a t i n g M i l l e r and C o r r e n (83) 30 
N a c e l l e M i l l e r and C o r r e n (83) 110 
D e b r i s s c r e e n M i l l e r and C o r r e n (83) 90 
M o n o p i l e W i l l i s (85) 313 
T r a n s m i s s i o n J a c k s o n (8 4) 90 
G r i d c o n n e c t i o n J a c k s o n (84) 116 
Maintenance E.T.S.U. (82) 306 
Survey S c r i v e n s (86) 35 
T o t a l w i t h m o n o p i l e s t r u c t u r e 1730 
G r a v i t y base s t r u c t u r e K e r r (85) 770 
T o t a l w i t h g r a v i t y base s t r u c t u r e 2187 
Note. 
These c o s t were f o r two d e v i c e s d e p l o y e d a t t h e same 
ti m e a t a d j a c e n t s i t e s , each p r o d u c i n g 0.5MW from a 
2.5 m/s strea m . 
T a b l e 4.2 Summary o f C o s t s and s o u r c e s 
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C o s t h e a d i n g Comment V a r i a t i o n Range £/kW 
R o t o r and hub budget q u o t e + 15% 58 42 
Gearbox o r d e r o f magnitude +30% 702 378 
G e n e r a t o r budget ( e x - s t o c k ) + 15% 58 42 
Other r o t a t i n g assumed budget + 15% 35 25 
N a c e l l e assumed budget +15% 127 93 
D e b r i s s c r e e n assumed budget + 15% 104 76 
T r a n s m i s s i o n r e c e n t e s t i m a t e + 15% 104 76 
G r i d c o n n e c t i o n r e c e n t e s t i m a t e + 15% 133 116 
Maintenance o r d e r o f magnitude +30% * 306 122 
Survey d e f i n i t i v e + 5% 37 33 
M o n o p i l e budget +15% * 360 252 
G r a v i t y base 
s t r u c t u r e s p e c i a l i s t ' s range + 10% * 770 616 
* Top o f the range v a l u e t a k e n used i n T a b l e 4.2 
C o s t r a n g e , m o n o p i l e = 2024 1619 E/kW 
Cost r a n g e , g r a v i t y base s t r u c t u r e = 2434 - 1619 E/kW 
These c o s t were f o r two d e v i c e s d e p l o y e d a t t h e same 
time a t a d j a c e n t s i t e s , each p r o d u c i n g 0.5MW from a 
2.5 m/s s t r e a m . 
T a b l e 4.3 P o s s i b l e c o s t ranges o f sub-systems (Table4.2) 
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LAT 
s t r u c t u r a l frame 
w i t h g r a v i t y base 
s t r u c t u r a l frame 
p i l e base 
monopile w i t h a d d i t i o n a l 
guy s u p p o r t 
1 ^ 
F i g . 4.1 D e v i c e c o n f i g u r a t i o n 
D e v i c e o p t i o n s 
not c o s t e d 
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C h a p t e r 5 Market - Background 
The t h r e e l a r g e s t c o m m u n i t i e s i n t h e Channel I s l a n d 
group a r e d e s c r i b e d i n terms o f t h e i r power s u p p l y systems 
and t h o s e a s p e c t s o f t h e i r g e n e r a l economic c l i m a t e w h i c h 
a r e r e l a t e d t o energy s u p p l y and consumption. 
A l l t h r e e i s l a n d s i n t h i s group depend upon i m p o r t e d 
energy s u p p l i e s , a s i t u a t i o n w h i c h can be c o n s i d e r e d t o be 
a permanent and dominant f e a t u r e o f t h e i r economies, 
u n l e s s a l t e r n a t i v e s a r e f o u n d . 
Each i s l a n d i s c o n s i d e r e d s e p a r a t e l y . 
5.1 J e r s e y 
J e r s e y has a complex energy s u p p l y system 
based on a 90 MW heavy o i l b u r n i n g steam t u r b i n e p l a n t . 
There a r e a l s o 4 d i s t i l l a t e f u e l d i e s e l s r a t e d a t 5 MW 
each and a 17.5 MW gas t u r b i n e . The Resources Recovery 
Board o p e r a t e s a r e f u s e b u r n i n g p l a n t p r o d u c i n g 3 MW from 
a steam p l a n t and 1.7 MW from a d i e s e l p l a n t o p e r a t i n g on 
r e f u s e p r o d u c e d methane; about h a l f o f t h e combined o u t p u t 
i s s o l d t o J e r s e y E l e c t r i c i t y . A 40 MW l i n k t o EdF has 
r e c e n t l y been commissioned. I n a d d i t i o n a new 30 MW gas 
t u r b i n e has been i n s t a l l e d and i s due t o be commissioned 
i n F e b r u a r y , 1987. The new gas t u r b i n e w i l l a c t as s t a n d b y 
and f o r peak l o p p i n g i n p e r i o d s o f peak demand 
(J.E.C. , 86) . 
Maximum demand t o 19 84 was 9 7 MW and th'e minimum 14.6 
MW, w i t h a t o t a l p r o d u c t i o n o f 327.5 GWh,(1984/85). Growth 
i n demand i s about 4% p e r annum ( J . E . C . , 8 5 ) . 
The c o s t o f f u e l was t a k e n t o be 3.0 p/kWh (1985 
p r i c e ) , (Woodhouse, 85). 
The t r a d i t i o n o f d i v e r s i t y o f s u p p l y f a v o u r s t h e 
i n t r o d u c t i o n o f a c o n t r i b u t i o n from a renewable s o u r c e . As 
w i t h Guernsey, however, t h e e l e c t r i c i t y company can a f f o r d 
t o m a i n t a i n a c l o s e watch on development e l s e w h e r e p r i o r 
t o any d e c i s i o n t o i n v e s t i n renewable schemes. D i s c u s s i o n 
w i t h t h e I s l a n d ' s Resources and Recovery Board d i d 
i n d i c a t e t h a t some s u p p o r t f o r a p r o t o t y p e t i d e m i l l o f f 
th e i s l a n d m ight be f o r t h c o m i n g and t h a t t h e power so 
produced would be a b s o r b e d i n t o t h e system. 
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A f a v o u r a b l e s i t e f o r s uch a v e n t u r e e x i s t s o f f t h e 
end o f a p i e r a t S t . C a t h e r i n e ' s p o i n t on t h e n o r t h e a s t 
c o a s t o f t h e i s l a n d . T h i s l o c a t i o n has t h e advantage t h a t 
a m o d e s t l y s i z e d d e v i c e c o u l d be i n s t a l l e d and l i t t l e 
i n v e s t m e n t i n c i v i l work w o u l d be r e q u i r e d . The d e v i c e 
c o u l d be e a s i l y removed from t h e w a t e r f o r t h e r e g u l a r 
i n s p e c t i o n t h a t would be r e q u i r e d d u r i n g an e a r l y s t a g e o f 
deployment. 
5.2 Guernsey 
The p r e s e n t e l e c t r i c i t y s u p p l y on Guernsey 
c o n s i s t s o f 3 S u l z e r d i e s e l s r a t e d a t 11 MW each and 6 
M i r r l e e s d i e s e l s r a t e d a t 3.5 t o 3.8 MW each. A l l o f t h e s e 
b u r n heavy f u e l o i l . There i s a l s o a gas t u r b i n e r a t e d a t 
11 MW. The maximum demand t o 19 8 4 was 43.5 MW, the minimum 
8 MW. T o t a l consumption i n t h e y e a r 1982/83 was 167 GWh. 
The d i e s e l c o n f i g u r a t i o n i n t h i s s u p p l y s ystem i s 
e x t r e m e l y e f f i c i e n t and i t s u n l i k e l y t h a t s i g n i f i c a n t 
improvement i n t h i s c o u l d be a c h i e v e d . 
Growth i n demand on Guernsey i s s t e a d y a t 2-3% p e r 
annum and i s a n t i c i p a t e d t o r e a c h a p e r c a p i t a demand 
s i m i l a r t o t h a t o f J e r s e y i n t h e n e a r f u t u r e 
(G.S.E.B.,85). 
Energy s u p p l y has r e c e n t l y been r e v i e w e d , a f u l l 
r e p o r t o f w h i c h i s not a v a i l a b l e . The main o p t i o n under 
c o n s i d e r a t i o n i s a c a b l e l i n k t o EdF. Such a l i n k i s n o t 
w i t h o u t p r o b l e m s ; t h e s e a r e i n d i c a t e d i n s e c t i o n 5.5, 
below. I n s t a l l a t i o n o f a l i n k t o EdF would a l l o w t h e 
E l e c t r i c i t y company t o c l o s e t h e down a major p a r t o f 
d i e s e l o p e r a t i o n t h r o u g h t h e summer p e r i o d f o r maintenance 
p u r p o s e s , and thus a c h i e v e a near i d e a l o p e r a t i n g p a t t e r n . 
There i s s t r o n g l o c a l i n t e r e s t i n t h e use of 
r e n e w a b l e s , and a measure o f d i v e r s i t y o f s u p p l y w o u l d 
p r o b a b l y be welcomed by G.S.E.B. As w i t h t h e i n t r o d u c t i o n 
o f c a b l e t o the i s l a n d g roup, Guernsey i s u n l i k e l y t o be a 
market l e a d e r , and w i t h t h e s e c u r i t y o f t h e p r e s e n t s u p p l y 
w i l l p r o b a b l y m a i n t a i n a c l o s e watch on developments 
e l s e w h e r e b e f o r e c o n s i d e r i n g any change t o t h e p r e s e n t 
system. 
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5.3 A l d e r n e y 
The p r e s e n t e l e c t r i c a l s u p p l y on A l d e r n e y 
c o m p r i s e s f i v e d i e s e l e n g i n e s a l l u s i n g d i s t i l l a t e f u e l . 
I n s t a l l e d c a p a c i t y i s 1.52 MW; maximum and minimum demand 
t o 1984 were 980 kW and 220 kW. The c o s t o f p r o d u c t i o n i n 
1982 was 10 p/kWh, and t o t a l e n e rgy usage o f 3.57 GWh, 
i n c l u d i n g o i l f o r d o m e s t i c u s e . 
The s u p p l y system i s r e l i a b l e and meets t h e p r e s e n t 
needs o f the community. I t i s , however, e x p e n s i v e . Energy 
s u p p l y on A l d e r n e y has been s u b j e c t t o r e v i e w and a c a s e 
f o r a c a b l e l i n k t o EdF has been examined ( J a c k s o n , 1 9 8 4 ) . 
T h i s p r o v e s uneconomic u n l e s s demand i n c r e a s e s t o 10 GWh 
p e r y e a r , and t h i s would r e q u i r e a r a t e o f economic 
development on A l d e r n e y w h i c h c a n n o t be a n t i c i p a t e d . The 
view o f t h e s u p p l y company, (A.E.L.,85), i s t h a t t h e 
i s l a n d c o u l d n o t , i n t h e f o r e s e e a b l e f u t u r e , s u p p o r t t h e 
i n v e s t m e n t r e q u i r e d f o r a c a b l e l i n k t o EdF. The t o t a l 
c a p i t a l c o s t as e s t i m a t e d by J a c k s o n ( 8 4 ) was o f t h e o r d e r 
o f £2m. Assuming a 10 GWh energy c o n s u m p t i o n , t h i s r e s u l t s 
i n a charge o f 7.2p/kWh (TDR, 5%, c a b l e l i f e 15 y e a r s ) . I f 
the a n n u a l consumption were t o r e m a i n unchanged a c h a r g e 
o f 11.2 p/kWh r e s u l t s , t h i s assumes no change i n t h e use 
o f o i l f o r d o m e s t i c p u r p o s e s ( J a c k s o n , 8 4 ) . 
Changes t o A l d e r n e y ' s demand p a t t e r n a r e l i k e l y t o be 
g r a d u a l , and w i l l p r o b a b l y t a k e t h e form o f a s l o w r i s e i n 
demand and t h e r o u t i n e r e p l a c e m e n t o f e x i s t i n g d i e s e l s on 
a u n i t by u n i t b a s i s . T o t a l g r o w t h i n demand o v e r t h e p a s t 
f i v e y e a r s has been about 5% (A.E.L.,85). 
The e l e c t r i c i t y company on A l d e r n e y i s a l s o 
r e s p o n s i b l e f o r t h e i m p o r t and s a l e o f o i l f o r d o m e s t i c 
consumption and t h i s c o u l d l e a d t o some c o n f l i c t when 
p l a n n i n g f o r the f u t u r e , as t h e s a l e o f t h i s o i l i s a 
major s o u r c e o f p r o f i t . J a c k s o n ( 8 4 ) , c o n c l u d e s t h a t ; 
" I t would c l e a r l y be an advantage t o i s o l a t e t h e s e two 
a c t i v i t i e s , and t o d e v e l o p c o m p e t i t i o n between e l e c t r i c i t y 
and o i l f o r space and w a t e r h e a t i n g . " 
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T h i s c o u l d a l s o l e a d t o t h e encouragement o f o t h e r 
energy e f f i c i e n c y measures a t p r e s e n t n o t w i d e l y 
a d v o c a t e d . The v i e w h e l d by Ja c k s o n ( 8 4 ) i s t h a t A l d e r n e y 
E l e c t r i c i t y cannot be e x p e c t e d t o s u p p o r t c o n s e r v a t i o n 
measures t h a t d i r e c t l y i n f l u e n c e t h e p r o f i t a b i l i t y o f 
t h e i r e l e c t r i c i t y and f u e l s a l e s a c c o u n t . The s o l u t i o n t o 
the above p r o b l e m i s beyond t h e scope o f t h e p r e s e n t 
i n v e s t i g a t i o n , but s e r v e s t o i l l u s t r a t e t h a t improved 
energy economics i n s m a l l communities r e q u i r e s a 
commitment t o t h i s aim by a l l p a r t i e s c o n c e r n e d . T h i s w i l l 
be p a r t i c u l a r l y i m p o r t a n t i f r e n e w a b l e s a r e i n t r o d u c e d and 
p u b l i c c o - o p e r a t i o n i s sought i n a programme o f l o a d 
management, w h i c h would be r e q u i r e d f o r t h e e f f e c t i v e 
i n t e g r a t i o n o f the r e n e w a b l e . 
A l d e r n e y i s w e l l p l a c e d t o c o n s i d e r t h e use o f w i n d 
power, however a major o b j e c t i o n c o u l d be r a i s e d on 
e n v i r o n m e n t a l grounds as t h e i s l a n d s main s o u r c e o f 
revenue i s t h e t o u r i s t t r a d e . 
The f u t u r e o f energy s u p p l y on A l d e r n e y i s need o f 
s e r i o u s r e v i e w and i n t h e l i g h t o f t h e p r e s e n t s t u d y a 
c o n t r i b u t i o n from t i d e m i l l i n s t a l l a t i o n s c o u l d prove 
w o r t h c o n s i d e r a t i o n . The main problem i s how A l d e r n e y 
would s u p p o r t any major i n v e s t m e n t . 
5.4 Demand C h a r a c t e r i s t i c s 
The l e v e l o f c o n t r i b u t i o n from 
t i d e m i l l schemes which m i g h t be s a t i s f a c t o r i l y i n t e g r a t e d 
i n t o an i s l a n d ' s s u p p l y can be d e t e r m i n e d i n t h e f i r s t 
i n s t a n c e from the p r e s e n t minimum demand. I n t h e c a s e o f 
A l d e r n e y and Guernsey t h i s l e v e l would a v o i d t h e p r o b l e m 
o f a d d i t i o n a l s t a r t s o f t h e d i e s e l system. 
The minimum demand f o r each i s l a n d was i n d i c a t e d 
above and i t i s c l e a r t h a t f o r t h e two l a r g e r i s l a n d s t h a t 
t h e r e i s r e a s o n a b l e scope f o r t h e i n t r o d u c t i o n of a number 
of u n i t s r e s u l t i n g i n a c o n t r i b u t i o n i n t h e MW range. 
A l d e r n e y , however has a minimum demand o f l e s s than a 
q u a r t e r o f a megawatt. The s i t u a t i o n f o r A l d e r n e y s u g g e s t s 
t h a t any change t o t h e s u p p l y system would be b e s t 
c o n s i d e r e d as p a r t o f a b r o a d e r r e v i e w o f i t s energy 
p o l i c y . 
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A t a s t a g e when c o s t s a r e known w i t h more c e r t a i n t y a 
s i m p l e method o f e s t i m a t i n g t h e economic l e v e l o f 
c o n t r i b u t i o n t h a t c a n be made t o a p a r t i c u l a r system i s by 
t h e use o f c o s t p o l y g o n s (Rockingham,80). 
5.5 E l e c t r i c i t e de F r a n c e C a b l e l i n k s 
The use o f c a b l e 
l i n k s t o l a r g e g r i d systems i s a w e l l e s t a b l i s h e d s o l u t i o n 
t o e n e r g y s u p p l y problems f o r i s l a n d c o m m u n i t i e s , f o r 
example t h e S c o t t i s h I s l a n d s . The o n l y s u i t a b l e g r i d 
s ystem f o r t h e Channel I s l a n d s i s EdF ( E l e c t r i c i t e de 
F r a n c e ) . 
J e r s e y has r e c e n t l y c o mmissioned s u c h a l i n k . W h i l e 
b o t h A l d e r n e y and Guernsey a r e c o n s i d e r i n g t h e 
p o s s i b i l i t y , as d i s c u s s e d above, i n t h e c a s e o f A l d e r n e y 
i t seems u n l i k e l y t o be a r e a l i s t i c o p t i o n . 
The t a r i f f s t r u c t u r e i s v e r y complex, ( P i n t a , 8 5 ) w i t h 
a f i x e d c h a r g e and metered s t r u c t u r e t h a t f o r c e s u s e r s t o 
t a k e e l e c t r i c i t y a t o f f peak and peak t i m e s . A c t u a l r a t e s 
v a r y from 9,76 t o 0.59 p/kWh, b u t n e i t h e r o f t h e s e r a t e s 
a r e a c c e s s i b l e i n i s o l a t i o n . A v e r age r a t e s f o r e l e c t r i c i t y 
o f a bout 3.0 p/kWh (1982 p r i c e s ) seem t o be a c h i e v a b l e i n 
p r a c t i c e ( J a c k s o n , 84). I n a d d i t i o n t o e l e c t r i c i t y c o s t s , 
t h e r e w i l l be c a b l i n g and c o n n e c t i o n c h a r g e s t o be b o r n e 
by t h e u s e r , and maintenance on t h e c a b l e and standby 
system. I n t h e c a s e o f Guernsey i t i s t h e i n t e n t i o n t o 
c l o s e down t h e c o n v e n t i o n a l p l a n t f o r a summer maintenance 
p e r i o d , w h i c h combines a v e r y f a v o u r a b l e maintenance 
s c h e d u l e w i t h t h e most f a v o u r a b l e use o f t h e EdF l i n k . The 
c a p a c i t y f o r immediate and p o s s i b l y p r o l o n g e d use o f 
s t a n d b y must be c o n s i d e r e d as down t i m e s f o r c a b l e r e p a i r 
o f 2-3 months s h o u l d be a n t i c i p a t e d , ( J a c k s o n , 8 4 ) . 
The use o f c a b l e s s h o u l d n o t be seen as t h e end 
s o l u t i o n t o the problems o f t h e i s l a n d s . C a b l e l i f e t i m e s 
o f 15-25 y e a r s ; and t h e c h a n g i n g f o r t u n e s o f t h e F r e n c h 
n u c l e a r power i n d u s t r y (which seems t o be s u b j e c t t o 
government s u b s i d y ) s u g g e s t t h a t c o n s i d e r a t i o n o f l o n g 
t e r m use o f the r e n e w a b l e s s h o u l d n o t be n e g l e c t e d . 
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5.6 C o n c l u d i n g remarks 
( i ) F u n d i n g 
None o f t h e i s l a n d s i s i n a p o s i t i o n t o t a k e 
r i s k s i n i n v e s t m e n t i n an u n t r i e d t e c h n o l o g y . I t seems 
u n l i k e l y t h a t c o m p l e t e f u n d i n g o f a scheme would be 
u n d e r t a k e n by any o f t h e i s l a n d s i n i s o l a t i o n . 
The n e x t s t a g e o f development must be t o prove a 
s p e c i f i c form o f t h e t e c h n o l o g y , and/or demonstrate t h e 
u s a b i l i t y o f t h e r e s o u r c e . Two main p o s s i b i l i t i e s e x i s t : 
( i ) depend on t h e e x p e r i e n c e t h a t w i l l no doubt be g a i n e d 
i n t h e USA, w i t h t h e aim o f a l a t e r assessment o f t h e 
p r e s e n t market w i t h a p r o v e n d e v i c e , and/or ( i i ) d e v e l o p a 
p r o t o t y p e , p o s s i b l y w i t h j o i n t f u n d i n g . The development o f 
a d e m o n s t r a t i o n p r o j e c t o f f t h e c o a s t o f C o r n w a l l w i t h t h e 
a i d o f EEC g r a n t s s h o u l d be c o n s i d e r e d , p a r t i c u l a r l y i n 
the l i g h t o f r e c e n t g r a n t s o b t a i n e d t o i n v e s t i g a t e t h e 
p o t e n t i a l o f t h e r e n e w a b l e s i n t h i s c o u n t y . The Channel 
I s l a n d s a r e not members o f t h e EEC. 
( i i ) O t her UK L o c a t i o n s 
D e s p i t e t h e e x i s t e n c e o f a l a r g e 
number o f p o t e n t i a l s i t e s o f f t h e m a i n l a n d o f the UK i t i s 
u n l i k e l y t h a t t i d e m i l l s c o u l d make a s i g n i f i c a n t economic 
c o n t r i b u t i o n i n the near f u t u r e . S m a l l s c a l e development 
might be c o n s i d e r e d i n t h e c o n t e x t o f r e g i o n energy 
p r o j e c t s , f o r example t h e C o r n w a l l Energy P r o j e c t . These 
ar e funded j o i n t l y by c e n t r a l government, l o c a l 
a u t h o r i t i e s and t h e EEC (EDPEC,87). 
( i i i ) Overseas 
In t h e USA a scheme d e v e l o p e d a t New York 
U n i v e r s i t y i s r e p o r t e d t o be a t a p r o t o t y p e t e s t i n g s t a g e 
( C o r r e n , M i l l e r e t a l , 8 4 ) . The e v e n t u a l a im i s t o d e p l o y 
20kW u n i t s a t s i t e s i n t h e E a s t C h a n n e l o f t h e East r i v e r , 
t h i s s i t e i s t i d a l b u t n o t o f f s h o r e and hence a v o i d s t h e 
need f o r e x t e n s i v e c i v i l work. 
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o t h e r s i t e s a r e b e i n g c o n s i d e r e d down stream o f t h e 
N i a g a r a F a l l s . The p r o t o t y p e s t a g e f o l l o w s a programme o f 
model t e s t s t o d e t e r m i n e an optimum b l a d e geometry. The 
d e v i c e s have been c o s t e d u s i n g a c o n v e n t i o n a l a pproach; 
d e s i g n and m a n u f a c t u r e r ' s q u o t a t i o n s . The r e s u l t o f t h i s 
e x e r c i s e was a 1983 c o s t o f $1630/kW, w h i c h i s e q u i v a l e n t 
t o 1137E/kW. 
Other work i n p r o g r e s s i n t h e USA i n v o l v e s a 1 2 f t , 
120kW d e v i c e t o be t e s t e d i n Chesapeake Bay and the 
N i a g a r a r i v e r , w i t h f u t u r e t i d a l work a n t i c i p a t e d i n t h e 
s p r i n g o f 1987 a t H e l l ' s G a te, New York ( V a u t h i e r , 8 6 ) . I t 
i s a p p a r e n t from t h i s work t h a t c o m m e r c i a l e x p l o i t a t i o n i s 
a n t i c i p a t e d i n t h e near f u t u r e . 
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C h a p t e r 6 D i s c u s s i o n ; Economics, T e c h n o l o g y and C o s t s 
E a r l y i n v e s t i g a t i o n s o f new t e c h n o l o g i e s share t h e 
c h a r a c t e r i s t i c s o f s h o r t a g e o f i n f o r m a t i o n on which t o 
det e r m i n e t h e f u t u r e w o r t h o f t h e t e c h n o l o g y , and 
i n s u f f i c i e n t funds t o produce complete a n a l y s e s . I n t h e 
case o f t h e renewable energy t e c h n o l o g i e s t h i s s h o r t a g e o f 
i n f o r m a t i o n may w e l l e x t e n d t o d e t a i l s o f t h e r e s o u r c e . I t 
i s , however, on c o m p l e t i o n o f such s t u d i e s t h a t d e c i s i o n s 
a r e made c o n c e r n i n g f u t u r e f u n d i n g o f r e s e a r c h and 
development. The approach a d o p t e d i n i n i t i a l s t u d i e s must 
be f o r m u l a t e d a c c o r d i n g l y , and aim t o p r o v i d e a framework 
f o r d e c i s i o n making and f u t u r e work. Some improved 
i n f o r m a t i o n s h o u l d a l s o be a n t i c i p a t e d . 
The main c h a r a c t e r i s t i c s o f t h e approach d e v e l o p e d i n 
the p r e s e n t s t u d y a r e summarised as f o l l o w s . 
( i ) The economic background i s based on c u r r e n t UK 
Department o f Energy s c e n a r i o s f o r f o s s i l f u e l p r i c e s . 
Imposed on t h e s e a r e t h e c o n d i t i o n s e n c o u n t e r e d i n t h e 
s p e c i f i c market c o n s i d e r e d . S i m p l e economic p r i n c i p l e s a r e 
a p p l i e d t o d e r i v e f u e l r e p l a c e m e n t v a l u e s ; t h e s e a r e t a k e n 
t o i n d i c a t e p o s s i b l e l e v e l s o f i n v e s t m e n t o r t a r g e t c o s t s 
f o r t h e t e c h n o l o g y . 
( i i ) The d e v i c e s e n v i s a g e d a r e based on e x i s t i n g 
t e c h n o l o g y . No major i n n o v a t i o n has been a n t i c i p a t e d , n o r 
appears n e c e s s a r y , f o r t h e deployment o f t i d e m i l l 
schemes. T h i s v i e w i s s u p p o r t e d by p r e v i o u s work by Morgan 
and Peachey(79) i n w h i c h i t was s t a t e d ; 
" S i n c e no o v e r r i d i n g o b j e c t i o n t o t h e r e a l i s a t i o n o f 
t i d e - m i l l d e v i c e s , s t r u c t u r e s and systems has been 
r e v e a l e d , c o n s i d e r a t i o n s h o u l d be now be g i v e n t o 
the f u n d i n g o f f u r t h e r work w i t h i n t h e c o n t e x t o f 
the r e s e a r c h i n t o a l t e r n a t i v e energy r e s o u r c e s . " 
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I t s h o u l d n o t be i m p l i e d t h a t t h e e v e n t u a l deployment o f 
t i d e m i l l s would n e c e s s a r i l y be s t r a i g h t f o r w a r d , n o r t h a t 
the scheme o u t l i n e d i n t h e p r e s e n t work r e p r e s e n t s t h e 
optimum c o n f i g u r a t i o n . 
( i i i ) The o u t l i n e s p e c i f i c a t i o n i n ( i i ) was c o n s i d e r e d 
o n l y i n s u f f i c i e n t d e t a i l t o d e t e r m i n e o r d e r o f magnitude 
c o s t s . The l e v e l o f s p e c i f i c a t i o n was d e t e r m i n e d i n 
c o l l a b o r a t i o n w i t h t h e m a n u f a c t u r e r s o r s p e c i a l i s t s 
c o n c e r n ed. I n t h i s way t h e e n g i n e e r i n g i n s t i n c t t o d e s i g n 
i n d e t a i l t o overcome o b v i o u s o r a t t r a c t i v e problems i s 
a v o i d e d and t h e f u n d i n g a v a i l a b l e u sed t o g e n e r a t e a more 
b a l a n c e d v i e w o f t h e r e s o u r c e and i t s e x p l o i t a t i o n . O t h e r 
c o s t s were deduced from a n a l o g o u s a p p l i c a t i o n s , o r 
s t u d i e s . No a t t e m p t was made t o r e f i n e c o s t e s t i m a t e s ; 
however, two major c o s t a r e a s were i d e n t i f i e d ; namely t h e 
g r a v i t y base s t r u c t u r e and gearbox. 
( i v ) A range o f n o n - t e c h n i c a l f a c t o r s f a c t o r s have been 
i d e n t i f i e d w h i c h would r e q u i r e f u l l c o n s i d e r a t i o n p r i o r t o 
the d e c i s i o n t o d e p l o y t h e t e c h n o l o g y . These i n c l u d e l o c a l 
marine based a c t i v i t i e s and t h e w i d e r i s s u e s c o n c e r n i n g 
the a t t i t u d e o f t h e communities t o t h e use o f a l o c a l 
r e s o u r c e . The c o m p a r a t i v e independence o f t h e market under 
c o n s i d e r a t i o n from c e n t r a l government i s a l s o r e c o g n i s e d 
as an i m p o r t a n t f a c t o r . W h i l s t none o f t h e s e f a c t o r s has 
been e x p l o r e d i n de p t h t h e y form a p r o p e r p a r t o f t h e 
assessment p r o c e s s . 
(v) Some g e n e r a l p r o p e r t i e s o f t h e r e s o u r c e have been 
e s t a b l i s h e d from p u b l i s h e d d a t a , i n o r d e r t o produce an 
e s t i m a t e o f t h e a n n u a l p r o d u c t i v i t y o f a d e v i c e . An 
i n d i c a t i o n has been g i v e n o f how t h e economics might be 
improved by c a r e f u l s e l e c t i o n o f p a i r s o f s i t e s which 
c o u l d l e a d t o c o n t r i b u t i o n t o f i r m power. The s e l e c t i o n o f 
s p e c i f i c s i t e s was d e l i b e r a t e l y a v o i d e d i n t h e f i r s t 
i n s t a n c e , and t h i s approach j u s t i f i e d . 
The approach d e v e l o p e d p r o v i d e s a s i m p l e and 
f l e x i b l e framework f o r assessment and has a number o f 
advant a g e s , namely; 
- new i n f o r m a t i o n c o u l d e a s i l y be i n c o r p o r a t e d and 
rea s s e s s m e n t a c h i e v e d a t low c o s t 
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- t h e method i s t r a n s p a r e n t ; a l l a s s u m p t i o n s and 
l i m i t a t i o n s a r e known 
- major c o s t a r e a s a r e i d e n t i f i e d w i t h o u t d e s i g n 
- e a s i l y a dapted t o o t h e r m arkets 
- i n i t i a l i n v e s t m e n t i n r e s e a r c h i s s m a l l 
The r e s u l t s o f t h e a p p l i c a t i o n o f t h e above t e c h n i q u e 
i n d i c a t e t h e c i r c u m s t a n c e s under w h i c h t h e deployment o f 
t i d e m i l l s m ight be a t t r a c t i v e . The a s s u m p t i o n t h a t 
i n v e s t m e n t c a p i t a l w o u l d be a v a i l a b l e a t p u b l i c s e c t o r 
TDRs l e a d s t o t h e c o n c l u s i o n , t h a t on economic grounds 
a l o n e , t h e r e s o u r c e i s w o r t h y o f c o n s i d e r a t i o n f o r 
A l d e r n e y , r e g a r d l e s s o f whi c h f o s s i l f u e l p r i c e f u t u r e i s 
s e l e c t e d . Under c o n d i t i o n s t h a t m i g h t be imposed w i t h 
p r i v a t e s e c t o r f u n d i n g t h e r e s u l t s a r e l e s s e n c o u r a g i n g 
e x c e p t f o r t h e ca s e o f r a p i d r a t e s o f i n c r e a s e i n f o s s i l 
f u e l p r i c e s . C h a p t e r 3. 
The a s s u m p t i o n t h a t a s u i t a b l e r e s o u r c e e x i s t s , 
w h i c h i s c e n t r a l t o t h e above, r e q u i r e s c a r e f u l 
c o n s i d e r a t i o n . The d a t a a v a i l a b l e f o r t h e assessment o f 
the r e s o u r c e a r e d i s c u s s e d i n P a r t 2 o f t h i s work, a l o n g 
w i t h t h e a s s u m p t i o n s and l i m i t a t i o n s o f t h e methods 
a v a i l a b l e f o r p r e d i c t i o n . 
The t i d a l s t r e a m r e s o u r c e d i f f e r s f r om t h e o t h e r 
renewables i n t h a t once i t s b e h a v i o u r a t a l o c a t i o n i s 
known i t s v a r i a t i o n w i t h t i m e i s p r e d i c t a b l e . The s p a t i a l 
v a r i a t i o n o f t i d a l streams c a n n o t be d e t e r m i n e d u s i n g 
s i m p l e t e c h n i q u e s . Thus t h e s e l e c t i o n o f i n d i v i d u a l s i t e s 
i s n o t p o s s i b l e from e x i s t i n g d a t a , e x c e p t a t a v e r y 
l i m i t e d number o f l o c a t i o n s . 
Some p r o v i s i o n f o r low c o s t s u r v e y work was made i n 
the o r i g i n a l budget f o r t h e p r e s e n t work. E x p e r i e n c e 
g a i n e d d u r i n g t h i s s h o r t s u r v e y i s d i s c u s s e d i n 
Appendix 2. The c o n c l u s i o n t h a t such s u r v e y s a r e o f v e r y 
l i m i t e d v a l u e as a means o f g a i n i n g even p r e l i m i n a r y d a t a 
c o n f i r m e d the b e l i e f t h a t d e t a i l e d s u r v e y s h o u l d be 
performed a t a l a t e r s t a g e when t h e use o f p r o f e s s i o n a l l y 
d e p l o y e d equipment c o u l d be f i n a n c e d . 
F i n a l s i t e s e l e c t i o n and s u r v e y w i l l n o t be p o s s i b l e 
u n t i l such t i m e as f i n a n c i a l commitment t o a scheme i s 
made. 
P r i o r t o commitment o f such funds t h e p o t e n t i a l o f 
the r e s o u r c e needs t o be a s s e s s e d . I t i s c o n s i d e r e d t h a t 
t h i s i s most e f f e c t i v e l y a c h i e v e d by u s i n g f i n e s c a l e 
n u m e r i c a l models, o f t h e a r e a s c o n c e r n e d , t o l o c a t e 
r e g i o n s w i t h s u i t a b l e t i d a l s t r e a m c h a r a c t e r i s t i c s , i n 
which s i t e s m ight be e v e n t u a l l y l o c a t e d . The 
i d e n t i f i c a t i o n , and d e s c r i p t i o n , o f t h e s e r e g i o n s , and t h e 
methods employed, forms t h e major p a r t o f t h e second h a l f 
o f t h i s s t u d y . The r e s u l t s from t h e models d e v e l o p e d a l l o w 
judgements t o be made as t o t h e s i z e and d i s t r i b u t i o n o f 
the r e s o u r c e , and as such form a l o g i c a l p a r t o f i t s 
o v e r a l l assessment as a renewable s o u r c e o f energy. 
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P a r t 2. T i d a l Streams. 
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C h a p t e r 7 I n t r o d u c t i o n t o T i d a l Streams 
7.1 I n t r o d u c t i o n 
The r e q u i r e m e n t f o r t h e s u c c e s s f u l 
deployment o f t i d e m i l l s i n c l u d e s t h e l o c a t i o n o f s u i t a b l e 
t i d a l s treams ( f l o w s ) and t h e p r e d i c t i o n o f t h e i r 
b e h a v i o u r . The d e f i n i t i o n o f a s u i t a b l e s t r e a m i s complex 
and as i n d i c a t e d p r e v i o u s l y , f i n a l s i t e s e l e c t i o n i s n o t 
dependent s o l e l y on t i d a l c o n d i t i o n s . 
The aim o f t h e f o l l o w i n g i s t o examine t h o s e 
parameters w h i c h c h a r a c t e r i s e t i d a l f l o w t o g e t h e r w i t h t h e 
a s s umptions r e q u i r e d f o r m o d e l l i n g and p r e d i c t i o n . A 
s i m p l e approach i s p r e s e n t e d f o r a s e m i - d i u r n a l c y c l e . The 
p r e d i c t i o n o f t i d a l s treams i n a s e m i - d i u r n a l regime i s 
c o n s i d e r e d and a new method p r o p o s e d . The m o d i f i e d d a t a 
r e q u i r e m e n t s a r e i n d i c a t e d . 
T i d e s a r e d e f i n e d as p e r i o d i c v e r t i c a l and h o r i z o n t a l 
movements wh i c h have a c o h e r e n t a m p l i t u d e and phase 
r e l a t i o n s h i p t o some p e r i o d i c a s t r o n o m i c a l f o r c e (Howarth 
& Pugh,83). The dominant f o r c e system i s t h e 
Sun-Moon-Earth g r a v i t a t i o n a l f i e l d . These f o r c e s can be 
c o n s i d e r e d as the i n p u t t o a p a r t i c u l a r sea a r e a , and t h e 
r e s p onse o f t h e s e a , t h e o u t p u t , i s d e s c r i b e d by a s e r i e s 
o f t i d a l c h a r a c t e r i s t i c s . The r e s p o n s e o f t h e sea c a n , i n 
p r i n c i p l e , be d e t e r m i n e d from hydrodynamic c o n s i d e r a t i o n s 
when s u i t a b l e boundary c o n d i t i o n s a r e s p e c i f i e d . The 
hydrodynamic e q u a t i o n s a r e d i s c u s s e d w i d e l y i n the 
l i t e r a t u r e , f o r example Heaps(78). In p r a c t i c e a n a l y t i c a l 
s o l u t i o n s t o t h e s e e x i s t o n l y f o r a l i m i t e d number o f 
i d e a l i s e d c a s e s , and as a r e s u l t t i d a l s t r e a m d a t a a r e 
e i t h e r o b s e r v a t i o n a l o r d e r i v e d from n u m e r i c a l 
s i m u l a t i o n s . 
7.2 S o u r c e s o f Data 
( i ) T i d a l Stream Diamonds 
T i d a l s t r e a m d a t a are 
p r e s e n t e d f o r p a r t i c u l a r l o c a t i o n s on A d m i r a l t y c h a r t s as 
t a b l e s o f s e t (stream o r i e n t a t i o n measured c l o c k w i s e from 
due n o r t h ) and mean s p r i n g r a t e (stream speed i n k n o t s ) , 
the p o s i t i o n s b e i n g known as t i d a l s t r e a m diamonds. 
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P a i r s o f d a t a a r e g i v e n a t i n t e g r a l h o u r s b e f o r e and 
a f t e r h i g h water a t a s t a n d a r d p o r t . In a d d i t i o n , d e r i v e d 
r a t e s (based on range data) a t neap t i d e a r e g i v e n . F o r 
some a r e a s , t h e s e d a t a a r e p r e s e n t e d i n t h e form o f 
a t l a s e s p u b l i s h e d by t h e H y d r o g r a p h i c Department, f o r 
example NP264 (The Channel I s l a n d s and a d j a c e n t c o a s t s o f 
F r a n c e ) . I n most c a s e s , t h e s o u r c e s o f t i d a l s t r e a m 
diamond d a t a a r e measurements o f t i d a l f l o w s o v e r two 
s e m i - d i u r n a l t i d a l c y c l e s (a p e r i o d o f 25 h o u r s ) . T i d a l 
handbooks, f o r example, Warburg(45), Sager & Sammler(75) 
and p i l o t s g i v e a d d i t i o n a l , l a r g e l y q u a l i t a t i v e , 
d e s c r i p t i o n s o f t h e supposed f l o w between diamonds i n 
p a r t i c u l a r a r e a s . These documents, w h i l s t u s e f u l i n 
i d e n t i f y i n g f e a t u r e s o f i n t e r e s t , p r o v i d e no a d d i t i o n a l 
q u a n t i t a t i v e assessment. 
( i i ) S urveys 
R e s u l t s from s p e c i f i c s u r v e y s a r e h e l d by a 
v a r i e t y o f a u t h o r i t i e s , f o r example: 
lOS. I n s t i t u t e o f O c e a n o g r a p h i c S c i e n c e s , B i d s t o n 
O b s e r v a t o r y , B i r k e n h e a d , M e r s e y s i d e . 
MAFF. M i n i s t r y o f A g r i c u l t u r e , F i s h e r i e s and Food, 
P a k e f i e l d Rd., L o w e s t o f t , S u f f o l k . 
MBA. M a r i n e B i o l o g i c a l A s s o c i a t i o n o f t h e UK, C i t a d e l 
H i l l , Plymouth, Devon. 
A l l o f t h e above have been c o n t a c t e d d u r i n g t h e c o u r s e o f 
the p r e s e n t work, and none where found t o h o l d d a t a f o r 
the Normano-Breton G u l f . 
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( i i i ) N u m e r i c a l Models 
The a p p l i c a t i o n o f n u m e r i c a l 
models t o d e t e r m i n e c u r r e n t s i n t h e s h e l f s e a s s u r r o u n d i n g 
t h e B r i t i s h I s l e s has r e c e n t l y been r e v i e w e d (Heaps,84). 
T w o - d i m e n s i o n a l models a r e w e l l e s t a b l i s h e d and a r e u sed 
on a r e g u l a r b a s i s f o r s u c h p u r p o s e s as t h e e v a l u a t i o n o f 
t i d a l and s u r g e c u r r e n t s . The hydrodynamic e q u a t i o n s a r e 
s o l v e d n u m e r i c a l l y f o r e l e v a t i o n and two o r t h o g a n a l d e p t h 
averaged v e l o c i t y components a t a s e r i e s o f g r i d p o i n t s i n 
r e s p o n s e t o p r e s c r i b e d t i d a l a n d / o r , m e t e o r o l o g i c a l 
f o r c e s . The g r i d s p a c i n g v a r i e s a c c o r d i n g t o t h e a r e a 
under c o n s i d e r a t i o n and t h e e v e n t u a l use o f t h e d a t a 
g e n e r a t e d . The o u t p u t i s o f t e n p r e s e n t e d as a s e r i e s o f 
n e tworks showing t h e s p a t i a l d i s t r i b u t i o n o f e l l i p s e 
p a r a m e t e r s f o r the major t i d a l c o n s t i t u e n t s . These 
p r o p e r t i e s a r e d i s c u s s e d i n d e t a i l b e l o w . The r e s o l u t i o n 
o f r e c e n t models, 2.5 n a u t i c a l m i l e s f o r t h e E n g l i s h 
C hannel ( P i n g r e e , G r i f f i t h s & Maddock, 84) and 1 NM f o r 
t h e sea a r e a around th e I s l e s o f S c i l l y ( P i n g r e e & 
Maddock,85) w h i l s t p r o d u c i n g r e s u l t s v a l u a b l e i n t h e 
d i s c u s s i o n o f f e a t u r e s o f i n t e r e s t , a r e n o t adequate f o r 
t h e p r e s e n t p u rpose o f s i t e s e l e c t i o n . 
I n t h e e a r l y s t a g e s o f t h i s work a j o i n t p r o j e c t w i t h 
MBA was c o n s i d e r e d f o r t h e p r o d u c t i o n o f a h i g h r e s o l u t i o n 
model o f t h e Channel I s l a n d r e g i o n . I t was soon r e a l i s e d , 
however, t h a t t h i s a p p r o a c h w o u l d n o t have produ c e d t h e 
f l e x i b i l i t y r e q u i r e d . As a r e s u l t a n u m e r i c a l scheme was 
p roduced a t Plymouth P o l y t e c h n i c as p a r t o f t h e p r e s e n t 
work. D e t a i l s o f t h e a p p r o a c h d e v e l o p e d a r e g i v e n i n 
C h a p t e r 9. 
7.3 The T i d a l S i g n a l 
The r e s p o n s e o f t h e s e a s on t h e UK 
c o n t i n e n t a l s h e l f t o a s t r o n o m i c a l f o r c i n g i s c h a r a c t e r i s e d 
by a dominant s e m i - d i u r n a l s i g n a l w i t h a p e r i o d o f 12.42 
h ours ( a n g u l a r speed o f 28.9841042 d e g r e e s p e r hour) and 
i s r e f e r r e d t o as t h e p r i n c i p a l l u n a r s e m i - d i u r n a l t i d e 
and g i v e n t h e symbol M_. 
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Superimposed on t h i s a r e s i g n a l s from o t h e r 
c o n s t i t u e n t s i n t h e same s p e c i e s such as S2, t h e p r i n c i p a l 
s o l a r s e m i - d i u r n a l c o n s t i t u e n t w i t h a p e r i o d o f 12.00 
ho u r s . 
These combine t o g i v e r i s e t o l o n g p e r i o d 
o s c i l l a t i o n s , i n p a r t i c u l a r t h e s p r i n g - n e a p v a r i a t i o n , 
w i t h a p e r i o d o f 14.77 days ( a n g u l a r speed S2 - M2 = 
1.01589 degrees p e r h o u r ) . T h i s s i g n a l i s f u r t h e r m o d i f i e d 
by t h e p r e s e n c e o f a d d i t i o n a l c o n s t i t u e n t s o f a s t r o n o m i c a l 
o r i g i n and harmonics g e n e r a t e d from t h e hydrodynamics o f 
the f l o w . 
A f u l l d e s c r i p t i o n o f t h e t i d a l s i g n a l r e q u i r e s t h e 
i n c l u s i o n o f many such h a r m o n i c s from b o t h s o u r c e s 
( G o d i n , 7 2 ) . 
A v e r y e f f i c i e n t way o f d e s c r i b i n g t h i s complex 
s i g n a l i s known as t h e harmonic method. T h i s forms t h e 
b a s i s o f a l l modern methods a p p l i e d t o t h e p r i m a r y 
a n a l y s i s and p r e d i c t i o n o f t i d a l e l e v a t i o n . I t assumes 
t h a t t h e t i d a l s i g n a l can be r e p r e s e n t e d by a f i n i t e 
number o f harmonic terms each h a v i n g d i f f e r e n t a n g u l a r 
speeds. 
The form o f t h e e x p r e s s i o n u sed i s i l l u s t r a t e d u s i n g t i d a l 
e l e v a t i o n ; 
N 
h ( t ) = hQ " i c o s ( w ^ t + + u^ - g^) ) 
i= 1 
h e i g h t o f t h e t i d e above c h a r t datum a t time t ; 
h e i g h t o f mean sea l e v e l above c h a r t datum; 
number o f c o n s t i t u e n t s ; 
the e q u i l i b r i u m p h a s e - l a g o f t h e i t h c o n s t i t u e n t ; 
t h e a m p l i t u d e and p h a s e - l a g o f t h e i t h c o n s t i t u e n t ; 
t h e n o d a l f a c t o r s , i n t r o d u c e d t o a l l o w f o r t h e 19 
y e a r v a r i a t i o n s ; 
t h e a n g u l a r speed o f t h e i t h c o n s t i t u e n t . 
where; 
h'.t) 
^0 
N 
^ i 
" i ' ^ i 
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A p p l i c a t i o n o f t h e above p r i n c i p l e t o b o t h t h e p r e d i c t i o n 
and a n a l y s i s o f t i d e s i s d i s c u s s e d w i d e l y i n t h e 
l i t e r a t u r e , f o r example; Doodson and Warburg(41); G o d i n 
(72). 
The use o f t h e above e x p r e s s i o n forms t h e b a s i s o f 
the new method f o r t h e p r e d i c t i o n o f t i d a l s t r e a m 
b e h a v i o u r s u g g e s t e d i n C h a p t e r 8. The harmonic c o n s t a n t s , 
i n the form o f t h e e l l i p s e p a r a m e t e r s , a l o n g w i t h t h e 
n o d a l f a c t o r s , d e f i n e t h e b e h a v i o u r o f t h e s t r e a m a t a 
p a r t i c u l a r l o c a t i o n and o v e r any t i m e p e r i o d . The 
c o n s t i t u e n t s t o be i n c l u d e d i n t h e s y n t h e s i s would be 
d e t e r m i n e d i n t h e f i r s t i n s t a n c e from e l e v a t i o n d a t a 
a v a i l a b l e f o r s t a n d a r d p o r t s i n t h e r e g i o n b e i n g m o d e l l e d . 
A proposed l i s t f o r t h e Normano-Breton G u l f i s g i v e n i n 
C h a p t e r 8. The e l l i p s e p a r a m e t e r s c o u l d be produced by a 
s e r i e s o f n u m e r i c a l s i m u l a t i o n s f o r t h e a r e a c o n c e r n e d . 
S i n g l e c o n s t i t u e n t n u m e r i c a l models c o u l d a l s o be used t o 
i n d i c a t e the r e l a t i v e c o n t r i b u t i o n from d i f f e r e n t 
c o n s t i t u e n t s , and hence g i v e an i n d i c a t i o n o f t h e l e n g t h 
o f s u r v e y r e q u i r e d . A t a more advanced s t a g e o f s i t e 
s e l e c t i o n t h e e l l i p s e p a r a m e t e r s would be deduced d i r e c t l y 
from an a n a l y s i s o f c u r r e n t meter d a t a . In t h e case o f 
c u r r e n t meter d a t a o f i n s u f f i c i e n t l e n g t h t o produce a 
f u l l harmonic a n a l y s i s a c o m b i n a t i o n o f b o t h s o u r c e s o f 
d a t a would be used. 
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C h a p t e r 8 A Simple Approach t o M o d e l l i n g 
As s t a t e d above t h e u s u a l way o f p r e s e n t i n g t i d a l 
s t r e a m d a t a on n a v i g a t i o n a l c h a r t s i s t o t a b u l a t e v a l u e s 
o f s e t and mean s p r i n g r a t e a t i n t e g r a l h o u r s b e f o r e and 
a f t e r h i g h w a t e r a t a s t a n d a r d p o r t , f o r p o s i t i o n s known 
as t i d a l s t r e a m diamonds. The neap r a t e g i v e s no 
a d d i t i o n a l i n f o r m a t i o n as i n a l m o s t a l l c a s e s i t i s 
d e r i v e d f r o m range d a t a by s i m p l e r a t i o . 
I f t h e t h i r t e e n v a l u e s o f s e t and r a t e a r e p l o t t e d 
t h e n t h e r e s u l t i n g f i g u r e o f t e n r e s e m b l e s an e l l i p s e . I f 
o n l y s e m i - d i u r n a l s t r e a m ( s p e c i e s 2) i s p r e s e n t , t h e n a 
p e r f e c t e l l i p s e i s t h e r e s u l t . The d e v i a t i o n r e p r e s e n t s 
t h e d i s t o r t i o n p r o d u c e d by t h e p r e s e n c e o f o t h e r s p e c i e s . 
I n a s e m i - d i u r n a l r e g i m e , t h e p r i n c i p a l d i s t o r t i o n i s 
ca u s e d by t h e q u a r t e r - d i u r n a l s t r e a m ( s p e c i e s 4 ) ; i n t h e 
s h e l f s e a s , t h e r e may be s i g n i f i c a n t c o n t r i b u t i o n s f rom 
t h e s i x t h - d i u r n a l ( s p e c i e s 6 ) , w h i l e i n e s t u a r i e s , much 
h i g h e r s p e c i e s may be i m p o r t a n t . 
I n t h e p r e s e n t c o n t e x t t h e t e r m s i m p l e r e f e r s t o t h e 
use o f harmonic s y n t h e s i s , t h i s method c a n n o t be used 
u n t i l harmonic c o n s t a n t s have been d e t e r m i n e d by o t h e r 
means. 
8.1 S e m i - d i u r n a l and q u a r t e r - d i u r n a l t i d e s 
T i d e s i n UK w a t e r s a r e p r e d o m i n a n t e l y s e m i - d i u r n a l i n 
c h a r a c t e r and t h e d i s c u s s i o n below i s o n l y a p p r o p r i a t e 
under t h i s a s s u m p t i o n . 
F o r t h e v e r t i c a l t i d e t h e d i s t o r t i n g e f f e c t o f t h e 
q u a r t e r - d i u r n a l s p e c i e s c a n be c h a r a c t e r i s e d by two 
p a r a m e t e r s ; t h e r a t i o o f t h e q u a r t e r - d i u r n a l (q.d.) 
a m p l i t u d e t o t h e s e m i - d i u r n a l (s.d.) a m p l i t u d e , g i v e n t h e 
symbol p^ and t h e phase o f t h e q.d. t i d e r e l a t i v e t o h i g h 
w a t e r o f t h e s.d. t i d e , g i v e n t h e symbol L^. 
( S i m i l a r , b u t n o t i d e n t i c a l , q u a n t i t i e s a r e d e s i g n a t e d F^ 
and f ^ r e s p e c t i v e l y by t h e H y d r o g r a p h i c Department.) 
The e f f e c t s o f v a r i o u s c o m b i n a t i o n s o f t h e s e two 
p a r a m e t e r s g i v e r i s e t o a s e r i e s o f w e l l known t i d a l 
c u r v e s , e x h i b i t i n g such f e a t u r e s as d o u b l e h i g h and d o u b l e 
low w a t e r s , l o n g ( s h o r t ) r i s e and s h o r t ( l o n g ) f a l l t i d e 
c u r v e s (George & E v a n s , 8 5 ) . 
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The harmonic a n a l y s i s o f t i d a l e l e v a t i o n s i s 
r e l a t i v e l y s t r a i g h t f o r w a r d . Streams, however, a r e 
t w o - d i m e n s i o n a l , s t r i c t l y t h r e e - d i m e n s i o n a l , a l t h o u g h 
v e r t i c a l v e l o c i t i e s , b e i n g s m a l l , a r e n o r m a l l y n e g l e c t e d . 
A d i s c u s s i o n o f a s p e c t s o f t h e v e r t i c a l s t r u c t u r e o f t i d a l 
streams i s g i v e n i n Appendix 3. The u s u a l t e c h n i q u e i s t o 
r e p r e s e n t h o r i z o n t a l t i d a l m o t i o n by two o r t h o g o n a l 
components and t o p e r f o r m a n a l y s e s on each s e p a r a t e l y . The 
two components f o r a s i n g l e s p e c i e s , a n g u l a r speed w, may 
be w r i t t e n i n t h e form: 
u = a cos wt + b s i n wt (1) 
V = c cos wt + d s i n wt (2) 
u and V a r e combined t o a form a s i n g l e v e c t o r i n t h e 
complex p l a n e ; 
C = u + i v (3) 
By e x p r e s s i n g t h e t r i g o n o m e t r i c a l terms i n (1) and (2) i n 
e x p o n e n t i a l form (3) becomes: 
C = 0.5[[ (a+d)+i(c-b) ] e x p ( i w t ) 
+ { ( a - c ) + i ( c + b ) ) e x p ( - i w t ) ] 
= C^e x p ( i w t ) + C _ e x p ( - i w t ) (4) 
where C+ and C- a r e complex v e c t o r s r o t a t i n g about t h e 
same f i x e d o r i g i n , f u r t h e r 
C = [ C ^ ] e x p [ i ( w t +g^)3 + [ C _ ] e x p [ - i ( w t - g _ ) 3 (5) 
where g^ and g_ a r e t h e phases o f t h e r o t a t i n g 
components r e l a t i v e t o some a r b i t r a r y t i m e o r i g i n and [ ] 
i n d i c a t e s t h e modulus. 
E q u a t i o n (5) d e s c r i b e s a v e c t o r , t h e l o c u s o f t h e t i p 
b e i n g an e l l i p s e . T h i s r e p r e s e n t a t i o n o f t i d a l streams i s 
w i d e l y used eg. P r a n d l e ( 8 2 b ) , S o u l s b y ( 8 3 ) , Godin(72) . 
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The e l l i p s e p r o p e r t i e s p r o v i d e a c o n v e n i e n t way o f 
c h a r a c t e r i s i n g t i d a l s t r e a m s . The f o u r p a r a m e t e r s r e q u i r e d 
a r e ; 
( i ) R, s e m i - a x i s m ajor =[C^] + [C_] 
( i i ) r , s e m i - a x i s m i n o r =[C^]-[C_] 
( i i i ) 0, phase o f t h e maximum s t r e a m , (g_-g^)/2 
( i v ) X, o r i e n t a t i o n o f t h e maximum s t r e a m , (g_+g^)/2 
I f n e c e s s a r y X and 0 can be e x p r e s s e d i n terms o f t h e 
o r i g i n a l p a r a m e t e r s by w r i t i n g 
g_i_ = a r c t a n [ (c-b) / (a+d) } and g_ = a r c t a n [ (c+b) / (a-d) 3 
E q u a t i o n (4) may now be w r i t t e n as 
C = e x p i X C [ C ^ ] e x p ( i w t - i 0 ) + [ C _ ] e x p ( - i w t + i 0 ) 3 
T h i s may be i n t e r p r e t e d as a v e c t o r C r o t a t e d t h r o u g h an 
a n g l e X, i e . r e f e r r e d t o t h e major a x i s o f t h e e l l i p s e , 
whence 
C = [ C ^ ] e x p ( i w t - i 0 ) + [ C _ ] e x p ( - i w t + i 0 ) 
I t i s c o n v e n i e n t t o d e f i n e e, a shape f a c t o r o r 
e l l i p t i c i t y a s ; 
e = r/R , 
The q.d. e l l i p s e may be d e f i n e d u s i n g f o u r a n a l o g o u s 
p a r a m e t e r s , s u f f i x 4. 
The s p e c i e s 2 and 4 v e c t o r s can be combined by f i r s t 
r e f e r r i n g the s p e c i e s 4 v e c t o r t o t h e major a x i s o f t h e 
s.d. e l l i p s e . 
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The f o l l o w i n g terms a r e d e f i n e d ; 
t h e r a t i o o f t h e s e m i - a x i s m a j o r o f t h e q.d. 
e l l i p s e t o t h a t o f t h e s.d. e l l i p s e . 
wt -0 
phase o f t h e maximum f l o o d o f s p e c i e s 4 r e l a t i v e 
t o maximum f l o o d o f s p e c i e s 2, 0^ ~^^2' 
= o r i e n t a t i o n o f q.d. major a x i s r e l a t i v e t o t h e 
s.d. major a x i s . 
The combined v e c t o r has t h e fo r m , 
C = 0.5Rexp(iX) C ( l + e 2 ) e x p ( i P ) + ( l - e 2 ) exp (-iP) 
+ P4 ( l + e ^ ) e x p ( 2 i P - i L ^ + i Q ^ ) 
+ p ^ ( l - e ^ ) e x p ( - 2 i P + L ^ + i Q 4 ) 3 (6) 
wh i c h c o n t a i n s t h e e i g h t p a r a m e t e r s ; R,62,02/P4^,Q^,X, 
and . These a r e d i s c u s s e d below. 
8.2 A n a l y s i s o f t i d a l s t r e a m diamonds 
I n i t i a l l y i t i s w o r t h w h i l e t o g i v e some 
c o n s i d e r a t i o n t o t h e r e d u c t i o n o f t i d a l s t r e a m 
o b s e r v a t i o n s . These a r e u s u a l l y measurements o f t i d a l 
f l o w s d u r i n g a s p r i n g t i d e t a k e n o v e r a p e r i o d of 25 h o u r s 
(two s e m i - d i u r n a l c y c l e s ) . The t e c h n i q u e s f o r o b s e r v a t i o n 
and a n a l y s i s a r e d e s c r i b e d i n A.M.H.S.(69). An e s t i m a t e o f 
th e c o m p a r a t i v e a c c u r a c y o f measurement o f t i d a l e l e v a t i o n 
and streams i s as f o l l o w s ; 
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E l e v a t i o n s Streams 
P e r i o d o f . o b s e r v a t i o n 
A m p l i t u d e o f s p e c i e s 2 
A c c u r a c y o f i n d i v i d u a l 
o b s e r v a t i o n 
1 month 2 5 h o u r s 
2 m 2 k t 
0.1 m 0.1 k t 
A c c u r a c y o f a computed 
a m p l i t u d e 0.01 m 0.1 k t 
Magnitude o f p^ Q^Q^ 
A m p l i t u d e o f s p e c i e s 4 0 . 1 m 0.2 k t 
A c c u r a c y o f s p e c i e s 4 
a m p l i t u d e 10 % 50 % 
I t s h o u l d be emphasised t h a t t h e o b s e r v a t i o n s are f o r 
t i d a l f l o w v e l o c i t i e s , w h i c h i s r e l a t e d t o t i d a l s t r e a m 
v e l o c i t y by; 
T i d a l f l o w = t i d a l s t r e a m + c u r r e n t 
v e l o c i t y v e l o c i t y v e l o c i t y 
T i d a l streams have t h e i r o r i g i n s i n a s t r o n o m i c a l 
( g r a v i t a t i o n a l ) f o r c e s whereas c u r r e n t s have t h e i r o r i g i n s 
i n m e t e o r o l o g i c a l ( r a d i a t i o n a l ) f o r c e s eg. w i n d s t r e s s e s . 
In t h e absence o f s t o r m s , c u r r e n t s may be c o n s i d e r e d 
t o be c o n s t a n t o v e r t h e 25 hour p e r i o d o f o b s e r v a t i o n . I t 
does n o t f o l l o w t h a t t h e v e c t o r i a l average o f t h e t i d a l 
f l o w o v e r 25 h o u r s , known as t h e r e s i d u a l m o t i o n i s 
n e c e s s a r i l y c u r r e n t . I t may be e x c e s s s t r e a m , t h i s i s t h e 
case near s a l i e n t p o i n t s , where t h e t i d a l f l o w produces 
e d d i e s on each s i d e o f t h e p o i n t . E x c e s s s t r e a m may be 
t h o u g h t o f as t i d a l l y d r i v e n r e s i d u a l . The r a t e o f t h e 
e x c e s s s t r e a m depends on t h e range o f t h e t i d e i n t h e 
p a r t i c u l a r t i d a l c y c l e . From t h e p o i n t o f v i e w of h a r m o n i c 
a n a l y s i s e x c e s s stream may be t a k e n as a c o n s t a n t v e c t o r 
o f z e r o f r e q u e n c y , p l u s l o n g p e r i o d c o n s t i t u e n t s i n 
p a r t i c u l a r t h e f o r t n i g h t l y MSf. C u r r e n t i s n o t dependent 
on range. 
71 
There i s no r e a s o n why b o t h c u r r e n t and e x c e s s s t r e a m 
s h o u l d n o t c o - e x i s t , however i n s h o r t p e r i o d o b s e r v a t i o n 
t h e y c a n n o t be s e p a r a t e d . The p o l i c y o f t h e H y d r o g r a p h i c 
Department i s t h a t f o r diamonds w e l l o f f s h o r e (>10NM) any 
r e s i d u a l i s t a k e n t o be c u r r e n t and i t i s n o t i n c l u d e d i n 
the d a t a f o r t h a t l o c a t i o n . F o r diamonds near s a l i e n t 
p o i n t s , o r any where t h e r e s i d u a l i s l a r g e , i t i s assumed 
t o be e x c e s s s t r e a m and i s r e t a i n e d i n t h e d a t a . 
W i t h t h e use o f a u t o m a t i c r e c o r d i n g c u r r e n t m e t e r s 
l o n g p e r i o d o b s e r v a t i o n s have become more common; t h e s e 
n o t o n l y g i v e improved a c c u r a c y o f i n d i v i d u a l 
measurements, b u t the l o n g p e r i o d o f o b s e r v a t i o n ( o f t e n 
one o r two s y n o d i c months) a l l o w s t h e c o n s t a n t s f o r 
p r e d i c t i o n t o be d e f i n e d w i t h much more p r e c i s i o n t h a n i n 
the c a s e o f more t r a d i t i o n a l o b s e r v a t i o n s . A month's 
o b s e r v a t i o n p e r m i t s s p e c t r a l r e s o l u t i o n t o t h e group 
r a t h e r t h a n t h e s p e c i e s l e v e l , and some s e p a r a t i o n o f 
c u r r e n t from e x c e s s s t r e a m . 
T h i s s o u r c e o f d a t a has i n c r e a s e d r e s o l u t i o n i n t i m e 
o f t i d a l s t r e a m o b s e r v a t i o n , b u t has had c o m p a r a t i v e l y 
l i t t l e e f f e c t on t h e i r r e s o l u t i o n i n s p a c e . I t i s n o t 
p o s s i b l e , e s p e c i a l l y near t o c o a s t l i n e s t o i n t e r p o l a t e 
between t i d a l diamonds w i t h any degree o f c o n f i d e n c e , even 
w i t h the a i d o f t e c h n i q u e s such as s u r f a c e t r e n d a n a l y s i s , 
(The A d m i r a l t y s e m i - g r a p h i c a l method, NP 1 2 2 ( 1 ) , 5 9 ) . 
P r o g r e s s towards b e t t e r s p a t i a l d e f i n i t i o n i s made o n l y 
w i t h t h e a i d o f n u m e r i c a l schemes. 
In o r d e r t o examine t y p i c a l v a l u e s o f t h e e l l i p s e 
p a rameters i n t r o d u c e d above and a l s o t h e r e s i d u a l m o t i o n , 
126 t i d a l diamonds were a n a l y s e d , a t l o c a t i o n s 
r e p r e s e n t a t i v e o f f o u r t y p e s o f a r e a ; o f f s h o r e - more t h a n 
lONM from th e c o a s t , i n s h o r e - c l o c k w i s e r o t a t i o n , i n s h o r e 
- a n t i c l o c k w i s e r o t a t i o n and s a l i e n t p o i n t s , t h e s e were 
d i s t r i b u t e d as f o l l o w s : 
C e l t i c Sea an t h e E n g l i s h C h a n n e l (35 d i a m o n d s ) , 
r e p r e s e n t i n g o f f s h o r e streams i n s h e l f seas more t h a n 10 
NM from th e c o a s t . 
Lands End t o S c i l l y (13 d i a m o n d s ) , r e p r e s e n t i n g i n s h o r e 
streams i n an a r e a o f g e n e r a l l y c l o c k w i s e r o t a t i o n . 
72 
Channel I s l a n d s (47 di a m o n d s ) , r e p r e s e n t i n g i n s h o r e 
streams i n an a r e a o f g e n e r a l l y a n t i c l o c k w i s e r o t a t i o n . 
P o r t l a n d B i l l (31 diamonds), r e p r e s e n t i n g streams a r o u n d 
s a l i e n t p o i n t s . 
R e s u l t s f o r t h e f o u r s e m i - d i u r n a l p a r a m e t e r s a r e 
c o n s i d e r e d b r i e f l y as t h e s e a r e t o be found e l s e w h e r e ; eg. 
Sager and Sammler(75), P i n g r e e and Maddock(78). 
( i ) S e m i - a x i s major o f t h e s e m i - d i u r n a l e l l i p s e , R 
In t h e a r e a s c o n s i d e r e d , t h i s r a n g e d from a minimum 
o f 0.24 k t (1.2 NM e a s t o f t h e e n t r a n c e t o Weymouth 
Harbour) t o a maximum o f 8.11 k t ( i n t h e A l d e r n e y R a c e ) . 
( i i ) Shape f a c t o r o f t h e s e m i - d i u r n a l e l l i p s e . 
I n t h e o r y , t h i s can v a r y from -1 i e . c i r c u l a r 
a n t i c l o c k w i s e u s i n g t h e n a u t i c a l c o n v e n t i o n ( c l o c k w i s e 
m a t h e m a t i c a l c o n v e n t i o n ) , t h r o u g h 0 ( r e c t i l i n e a r ) t o +1 
i e . c i r c u l a r c l o c k w i s e . Near c i r c u l a r s treams a r e t o be 
found i n t h r e e a r e a s , as shown below; 
Sea a r e a L a t . N. Long. W. L o c a t i o n Shape f a c t o r 
C e l t i c Sea 51° 15.0 5° 50.0 C e l t i c Deep -0.839 
Lands End 49° 53.0 5° 54.9 5.5 NM S.W. 
t o S c i l l y o f Wolf Rock +0.874 
Channel I s l . 49° 35.6 2° 20.7 9 NM N. -0.832 
o f Sark 
Channel I s l . 49° 06.0 1° 52.0 8.5 NM E.S.E -0.810 
S t . H e l i e r L t . 
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( i i i ) O r i e n t a t i o n o f t h e s e m i - d i u r n a l e l l i p s e 
Two v a l u e s o f X e x i s t i n t h e domain 0-360 d e g r e e s . 
They a r e 180° a p a r t , c o r r e s p o n d i n g t o t h e maximum s t r e a m 
i n o p p o s i t e d i r e c t i o n s . As a c o n v e n t i o n , i n t h i s work t h i s 
d i r e c t i o n i s t a k e n t o be t h e d i r e c t i o n o f maximum f l o o d 
s tream. The f l o o d s t r e a m i n e s t u a r i e s i s e v i d e n t l y t h e 
i n - g o i n g s t r e a m , w h i c h o f t e n c o r r e s p o n d s t o t h e r i s i n g 
t i d e . O f f s h o r e , t h e f l o o d s t r e a m i s d e f i n e d by the l A L A 
buoyage system; i n t h e E n g l i s h C h a n n e l , i t i s t h e r e f o r e 
the up-Channel stream ( r o u g h l y e a s t - g o i n g ) . 
( i v ) P h a s e - l a g o f t h e maximum f l o o d 
I t has l o n g been customary t o r e f e r t i d a l streams t o 
Dover as w e l l as t o t h e n e a r e s t s t a n d a r d p o r t . The c h o i c e 
o f Dover as a "super s t a n d a r d p o r t " i s a c u r i o u s one, 
s i n c e t h e t i d e t h e r e d i s p l a y s s u b s t a n t i a l d i s t o r t i o n , w i t h 
p^ = 0.054. In t h e F r e n c h t i d e t a b l e s B r e s t i s used i n a 
s i m i l a r c a p a c i t y , and i s a b e t t e r c h o i c e . 
I n t h i s p a r t o f t h e p r e s e n t work, however, the s t r e a m 
i s r e f e r r e d t o t h e passage o f t h e mean Moon o v e r t h e 
Greenwich m e r i d i a n . The p h a s e - l a g i s t h e i n t e r v a l a f t e r 
t h e Greenwich t r a n s i t o f t h e mean Moon t h a t t h e maximum 
f l o o d o c c u r s , e x p r e s s e d i n d e g r e e s o f t i d a l t i m e a n g l e 
(1 hour = 28.98 degrees TTA). 
Hav i n g d e f i n e d t h e f l o o d g e o g r a p h i c a l l y , t h e t h e 
p h a s e - l a g can t a k e any v a l u e between 0° and 360°. T h i s i s 
c o n s i d e r e d more r e a l i s t i c t h a n t h e c o n v e n t i o n adopted by 
P i n g r e e ( 8 4 ) , perhaps f o l l o w i n g Sager and Sammler(75), 
whereby t h e p h a s e - l a g i s c o n f i n e d t o t h e domain 0° t o 
180°; t h e r e s u l t o f w h i c h i s 180° d i s c o n t i n u i t i e s i n 
o r i e n t a t i o n , w hich appear v e r y s t r a n g e on c h a r t s . 
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(v) R e l a t i v e a m p l i t u d e o f t h e q u a r t e r - d i u r n a l e l l i p s e 
The v a l u e s o f p. a r e summarised; 
Area Mean Maximum 
O f f s h o r e 0.098 0.192 
Lands End - S c i l l y 0.118 0.250 
Channel I s l a n d s 0.176 0.396 
P o r t l a n d B i l l 0.164 0.495 
In t h e C e l t i c Sea we compare t h e o f f s h o r e t i d a l 
streams w i t h t h e v e r t i c a l t i d e s on t h e c o a s t , we f i n d t h a t 
i n g e n e r a l , p^<0.2 f o r streams and p^<0.06 f o r t i d e s . 
Which s u p p o r t s t h e o f t e n q u o t e d g e n e r a l i s a t i o n the t i d a l 
streams a r e more d i s t o r t e d t h a n t i d e s . 
The e x c e p t i o n s t o t h e s e l i m i t s a r e ; 
( i ) Between Teignmouth and t h e Nab Tower on t h e s o u t h 
c o a s t o f E n g l a n d , i e . n e a r t h e d e g e n e r a t e amphidromic 
p o i n t (George and Buxton,83) p^ f o r t h e t i d e s exceeds 0.06 
i n P o o l e Harbour, p^>0.9. 
( i i ) At no diamond i n t h e 126 c o n s i d e r e d does p^ appr o a c h 
0.9. T h i s may n o t be t h e c a s e n e a r t h e s e m i - d i u r n a l s t r e a m 
amphidrome on t h e Nymphe Bank t o t h e s o u t h o f I r e l a n d . I n 
a l l c a s e s a n a l y s e d , p^<0.5. 
( v i ) Shape f a c t o r o f t h e q u a r t e r - d i u r n a l e l l i p s e 
As w i t h t h a t f o r t h e s.d. t h i s c a n i n p r i n c i p l e t a k e 
any v a l u e between -1 and +1; i n p r a c t i c e i t had a range 
from -0.863 t o +0.910. There was no c o r r e l a t i o n between 
the shape f a c t o r s f o r t h e q.d and s.d. s t r e a m s . 
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( v i i ) R e l a t i v e o r i e n t a t i o n and p h a s e - l a g o f q.d. st r e a m 
The f l o o d a x i s o f t h e q.d. e l l i p s e i s d e f i n e d such 
t h a t i t l i e s i n t h e same s e m i c i r c l e as t h a t o f the s.d. 
e l l i p s e ; i e . i t i s r e s t r i c t e d t o t h e range -90° t o 90°. 
T h i s r e s t r i c t i o n i s a r e s u l t o f t h e need t o r e c o n c i l e t h e 
n a u t i c a l and m a t h e m a t i c a l c o n v e n t i o n s f o r r o t a t i o n . The 
v a l u e o f can be i n t h e range 0° - 360°. 
In p r a c t i c e t h e v a l u e s o f b o t h p a r a m e t e r s spanned 
a l m o s t t h e whole o f t h e i r r e s p e c t i v e r a n g e s . V a r i o u s t e s t 
f o r c o r r e l a t i o n between them (and i n d e e d w i t h o t h e r 
parameters) were c a r r i e d o u t . None was fou n d . 
The shapes o f t h e p o l a r diagrams r e s u l t i n g from t h e 
c o m b i n a t i o n o f t h e s.d. and q.d. streams were examined i n 
some d e t a i l , t h e r e s u l t s o f t h i s s e c o n d a r y i n v e s t i g a t i o n 
are p r e s e n t e d and d i s c u s s e d i n d e t a i l i n George and 
E v a n s ( 8 5 ) . These have no d i r e c t b e a r i n g on t h e p r e s e n t 
d i s c u s s i o n . 
8.3 P r e d i c t i o n s from T i d a l Stream Diamonds 
The a s s u m p t i o n s used i n p r e d i c t i n g streams from d a t a 
g i v e n a t diamonds a r e ; 
( i ) t he r a t e o f t h e s t r e a m i s a f u n c t i o n o f t h e 
t i d a l t i m e a t t h e s t a n d a r d p o r t , and i s p r o p o r t i o n a l t o 
the range o f t h e t i d e a t t h a t p o r t . 
( i i ) t he s e t o f t h e s t r e a m i s a f u n c t i o n o f t i d a l 
t i m e o n l y , i e . i t i s i n d e p e n d e n t o f r a n g e . 
These a s s u m p t i o n s t o some e x t e n t o b v i a t e the 
d i f f i c u l t y c a u s e d by t h e s h o r t p e r i o d o f o b s e r v a t i o n , 
which i s i n s u f f i c i e n t t o e f f e c t t h e s e p a r a t i o n o f t h e M2 
and S2 c o n s t i t u e n t s ; t h e y a l l o w f o r t h e s p r i n g neap 
v a r i a t i o n . 
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The a s s u m p t i o n s a r e a c c e p t a b l e p r o v i d e d t h a t t h e 
s e m i - d i u r n a l s p e c i e s i n b o t h t h e t i d a l s t r e a m and a t t h e 
s t a n d a r d p o r t i s much g r e a t e r t h a n t h e c o n t r i b u t i o n from 
a l l o t h e r s p e c i e s . I f t h i s i s not t h e case t h e a s s u m p t i o n s 
a r e t h e o r e t i c a l l y unsound. The i n f l u e n c e o f a p p r e c i a b l e 
q.d. and l o n g p e r i o d streams i s i l l u s t r a t e d below. 
( i ) The e f f e c t o f q.d.stream 
C o n s i d e r i n g " w e l l 
behaved s t r e a m s " , t h a t i s a t p o s i t i o n s w e l l away from 
amphidromic p o i n t s . I t wou l d be e x p e c t e d t h a t t h e 
a m p l i t u d e o f t h e q.d. s t r e a m i n a g i v e n c y c l e would be 
p r o p o r t i o n a l t o t h e square o f t h e a m p l i t u d e o f t h e s.d. 
stream. T h i s w e l l known t i d a l power law i s w i d e l y 
d i s c u s s e d i n t h e l i t e r a t u r e , e g. Munk and C a r t w r i g h t ( 6 6 ) 
o r Doodson and Warburg(41). S i m i l a r l y i t would be e x p e c t e d 
t h a t t h e a m p l i t u d e o f t h e s.d. st r e a m would be 
p r o p o r t i o n a l t o t h e a m p l i t u d e o f t h e s.d. t i d e ; and i f t h e 
q.d. i s n e g l i g i b l e , a p p r o x i m a t e l y p r o p o r t i o n a l t o t h e 
range. 
T a k i n g t h e mean neap range t o be h a l f t h e mean s p r i n g 
range (a more a c c u r a t e f i g u r e f o r the E n g l i s h Channel 
would be 0.47), t h e n t h e t i d a l power law s u g g e s t s t h a t t h e 
q.d. s t r e a m a t neaps would be 1/4 o f i t s v a l u e a t s p r i n g s , 
a s s u m p t i o n ( i ) above, s u g g e s t s t h a t i t would be h a l f i t s 
s p r i n g v a l u e . The o r d e r o f magnitude o f t h i s e r r o r i s 
t h e r e f o r e 1/4 o f t h e q.d. a m p l i t u d e a t s p r i n g s . T h i s i s 
not g r e a t ; t h e maximum v a l u e o f p^ was o f t h e o r d e r o f 0.5 
w i t h R = 2.0 k t . A t s p r i n g s t h i s g i v e s an a b s o l u t e e r r o r 
o f 0.25 k t ; i n most c a s e s t h i s w i l l o f t h e o r d e r o f 0.1 k t 
i e . t h e a c c u r a c y o f t h e o b s e r v a t i o n a t most t i d a l 
diamonds. As f a r as q.d. streams a r e c o n c e r n e d , t h e r e f o r e 
the unsound n a t u r e o f t h e above a s s u m p t i o n s i s o f no 
p r a c t i c a l s i g n i f i c a n c e . 
( i i ) The e f f e c t o f e x c e s s s t r e a m 
I t i s d e m o n s t r a t e d 
i n t h i s s e c t i o n t h a t t h e e r r o r s i n h e r e n t i n b o t h t h e above 
assumptions a r e s i g n i f i c a n t i n t h e c a s e o f e x c e s s s t r e a m . 
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The l a r g e s t v a l u e s o f e x c e s s s t r e a m among t h e 
diamonds c o n s i d e r e d were f o u n d i n t h e r e g i o n o f P o r t l a n d 
B i l l . The diamond 0.5 NM N.W. o f t h e B i l l i s c o n s i d e r e d . 
T h i s d i s p l a y s an asymmetric s t r e a m ; i t f l o o d s f o r 10 h o u r s 
o f t h e t i d a l c y c l e . A n a l y s i s o f t h e d a t a i n d i c a t e s t h a t 
t h e r e s i d u a l m o t i o n (2.14 k t ) , t a k e n t o be e x c e s s s t r e a m , 
exceeds t h e s e m i - a x i s m a j o r o f t h e s.d. e l l i p s e (1.79 k t ) . 
The cause o f t h i s i s t h e p o s i t i o n o f t h e s t r e a m i n 
r e l a t i o n t o t h e ebb f l o w i n t h e Ch a n n e l . The s t r e a m i s i n 
t h e C h a n n e l f l o o d ( t i d a l t i m e +0100 D e v o n p o r t ) , i t l i e s 
w i t h i n t h e eddy s t r e a m t o t h e west o f t h e I s l e o f 
P o r t l a n d , and t h i s s t r e a m c o u n t s as f l o o d . The o n l y t i m e 
f o r an ebb st r e a m t o d e v e l o p i s on t h e e a r l y Channel ebb 
(+0600 D e v o n p o r t ) , when t h e eddy has n o t d e v e l o p e d . 
The a s s u m p t i o n s s u g g e s t t h a t t h e P o r t l a n d e d d i e s a t 
neaps wo u l d be t h e same s i z e as a t s p r i n g s , b u t w i t h 
streams o f h a l f t h e a m p l i t u d e . Hydrodynamic c o n s i d e r a t i o n s 
show t h a t t h i s c a n n o t be t h e c a s e ; t h e eddy a t neaps i s 
bound t o be much s m a l l e r . Indeed, a l t h o u g h no o b s e r v a t i o n s 
a r e i m p l i c i t a t neaps i n t h e p u b l i s h e d s t r e a m diamonds 
t a b l e s , t h e Channel P i l o t ( 7 7 ) s t a t e s : 
"The e d d i e s a r e much s m a l l e r a t neaps, a t w h i c h t i m e , 
though the g e n e r a l f e a t u r e s o f t h e streams a r e 
p r o b a b l y about as d e s c r i b e d , t h e s t r e a m s may r u n i n 
d i r e c t i o n s d i f f e r i n g a p p r e c i a b l y f r o m t h o s e g i v e n , 
and t h e d u r a t i o n s o f t h e S-going s t r e a m s on b o t h 
s i d e s o f t h e P o r t l a n d p e n i n s u l a may be c o n s i d e r a b l y 
s h o r t e r t h a n s t a t e d . " 
F o r any diamond o f t h i s n a t u r e , w h i c h i s i n an eddy a t 
s p r i n g s b u t n o t a t neaps, a s s u m p t i o n ( i i ) i s c l e a r l y i n 
e r r o r . I t i s l i k e l y t h a t t h e e x c e s s s t r e a m a t neaps, 
i n s t e a d o f b e i n g about 1 k t as s u g g e s t e d by as s u m p t i o n ( i ) 
i s p r a c t i c a l l y z e r o , s i n c e a t neaps t h e diamond may no 
l o n g e r be i n t h e eddy. The e r r o r i s s e r i o u s , b e i n g o f t h e 
same o r d e r as t h e s e m i - a x i s major o f t h e s.d. e l l i p s e . A 
p l a u s i b l e model o f the r e s i d u a l would be a c o n s t a n t e x c e s s 
stream o f about 1 k t . s u p e r i m p o s e d on a f o r t n i g h t l y 
v a r i a t i o n (MSf) o f t h e same a m p l i t u d e . 
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I t i s b e l i e v e d t h a t t h e s o l u t i o n t o t h i s p r o b l e m l i e s 
i n a new appr o a c h o f p r e d i c t i n g t i d a l s t r e a m s . A method i s 
o u t l i n e d below, s e c t i o n 8.5. 
8.4 Spring-Neap C y c l e 
I n o r d e r t o e s t i m a t e t h e 
p r o d u c t i v i t y o f a p o t e n t i a l t i d e m i l l s i t e i t i s n e c e s s a r y 
t o d e t e r m i n e t h e power o u t p u t o v e r t h e s p r i n g neap c y c l e . 
P r e v i o u s l y t h i s has been a c h i e v e d v i a t h e use o f 
s p r i n g - n e a p f a c t o r . C h a p t e r 2, s e c t i o n 2.3, based on range 
d a t a a t an a d j a c e n t s t a n d a r d p o r t , Wyman(76), Morgan & 
P e a c h e y ( 7 9 ) , Cave & E v a n s ( 8 4 - 8 6 ) . 
An a l t e r n a t i v e s i m p l e model i s s u g g e s t e d . 
As d e s c r i b e d above t h e c o m b i n a t i o n o f t h e M2 and S2 
c o n s t i t u e n t s g i v e s r i s e t o t h e f o r t n i g h t l y s p r i n g - n e a p 
c y c l e , MSf w i t h p e r i o d o f 14.77 da y s . A s i m p l e 
r e p r e s e n t a t i o n o f t h i s c y c l e may be d e r i v e d as f o l l o w s ; 
C o n s i d e r e q u a t i o n (5) s e c t i o n 8.1, above. I f t h e 
c o o r d i n a t e system i s r o t a t e d so t h a t t h e x - a x i s c o i n c i d e s 
w i t h t h e o r i e n t a t i o n o f t h e major a x i s , t h e n i n the new 
o r i e n t a t i o n g^ + g_ = 0. E q u a t i o n (5) becomes; 
C = [C_^]exp(iwt+ig_^) + [C_] exp ( - i w t - i g ^ ) 
= 0.5 R(l+e) exp (iwt+ig_|_) + 0.5 R (1-e) exp ( - i w t - i g ^ ) 
I f t h e t i m e o r i g i n i s s h i f t e d so t h a t = 0, th e n 
C = 0.5 R cos wt + i e 0.5 R s i n wt 
The v e l o c i t y components c a n be w r i t t e n ; 
u = 0.5 R cos wt and v = e 0.5 R s i n wt 
The c o m b i n a t i o n o f M2 and S2/ under t h e a s s u m p t i o n 
t h a t t h e two c o n s t i t u e n t e l l i p s e s d i f f e r o n l y i n 
a m p l i t u d e , c a n be w r i t t e n as f o l l o w s ; 
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u = A cosw t + A„ cosw^t m m s s 
= A cosw t + A cos{w t+Wt) m m s m 
where A and A a r e t h e a m p l i t u d e s o f M„ and streams in s Za 
and W = w - w s m 
p u t t i n g Aj^/Ag = s 
t h e n u = K cosw t cos(2 u m u 
w i t h K = A £1 + s^ + 2s cosHt]-"-^^ u m 
and 0^ = a r c t a n C ( s s i n W t ) / ( l + s cosWt)3 
I t s h o u l d be n o t e d t h a t W i n c l u d e s a p h a s e - l a g which i s 
f i x e d f o r a p a r t i c u l a r l o c a t i o n . T h i s i s 30-40° i n t h e 
r e g i o n o f t h e E n g l i s h c h a n n e l (Howarth and Pugh,83). 
S i m i l a r l y ; 
V = K cosw t COS0 
V m V 
0 = 0 and K = eK u V u 
F o r a p a r t i c u l a r sd c y c l e t h e maximum v a l u e s o f t h e 
v e l o c i t y components a r e 
u = k COS0 and v = ek c o s 0 m u u m u u 
S u b s t i t u t i n g f o r 0^ and k^ g i v e s 
( l + s ^ + 2 c o s W t ) ( 1 + s c o s W t ) 
2 2 2 2 1/2 Cs sin^Wt+l+s cos Wt+2scosWt3^ 
= A (1+scosWt) m 
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The v a r i a t i o n i n peak power (per s d c y c l e ) a v a i l a b l e t o a 
t i d e m i l l t h a t f o l l o w s t h e s t r e a m , i s g i v e n by 
Pp = KC(1+scosWt)^ +e^(1+scosWt)^3^^^ (8) 
where K i s a c o n s t a n t . 
The mean v a l u e o f Pp o v e r a s p r i n g - n e a p c y c l e , P^ i s g i v e n 
by 
P = K (1+e^)^^^ (1+scosWt)^d(Wt) m m 
= Kj^d+e^)^''^ (1 + 1.5s^) (9) 
The maximum power o v e r a s p r i n g - n e a p c y c l e i s p r o p o r t i o n a l 
t o (1+s)-^. 
F o r a d e v i c e w h i c h i s p o s i t i o n e d w i t h i t s a x i s c o i n c i d e n t 
w i t h t h e s e m i - a x i s major o f t h e e l l i p s e t h e v a r i a t i o n i n 
power i s examined u s i n g t h e e x p r e s s i o n f o r u, d e r i v e d 
above, as t h e c o o r d i n a t e system was r o t a t e d t o t h i s 
o r i e n t a t i o n a t t h e o n s e t . 
These r e s u l t s a r e us e d i n C h a p t e r 10, i n c o m b i n a t i o n 
w i t h t h e r e s u l t s from t h e n u m e r i c a l scheme t o e s t i m a t e t h e 
mean power o v e r a mean s p r i n g - n e a p c y c l e . I t i s assumed 
t h a t t h e power v a r i a t i o n p r o d u c e d by t h e a c t u a l stream 
w i l l be o f t h e same form as t h a t d e r i v e d above. The v a l u e s 
of power a t a l o c a t i o n a r e examined and an apparent 's' 
d e r i v e d u s i n g e q u a t i o n ( 8 ) , t h i s v a l u e i s t h e n used i n 
e q u a t i o n (9) t o g i v e t h e mean power. The v a l u e s o f 's' 
then r e p l a c e the ' s p r i n g - n e a p f a c t o r ' u sed i n i n i t i a l 
e s t i m a t e s o f the power a v a i l a b l e a t a p a r t i c u l a r s i t e . 
T h i s a p p r o a c h has t h e advantage o f t a k i n g a c c o u n t o f l o c a l 
s t r e a m b e h a v i o u r as p r e d i c t e d by t h e n u m e r i c a l models. 
Such an approach i s j u s t i f i e d o n l y i f t h e e l l i p s e 
c h a r a c t e r i s t i c s remain comparable from s p r i n g s t o neaps. 
I n t h e p r e s e n c e o f e x c e s s s t r e a m o f any s i z e t h e 
above s h o u l d be m o d i f i e d and an a d d i t i o n term i n c l u d e d . 
The magnitude o f t h e a d d i t i o n a l term r e q u i r e d s h o u l d be 
p r o p o r t i o n t o the d r i v i n g c o n s t i t u e n t M2 ( R o b i n s o n , 8 3 ) , 
and w i l l v a r y s l o w l y t h r o u g h t h e s/n c y c l e and may be 
d e s c r i b e d i n a s i m i l a r way t o t h e above. Phase w i l l a l s o 
v a r y s l o w l y o v e r 14.77 day s . 
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8.5 A New Approach t o T i d a l Stream P r e d i c t i o n 
The a n a l y s i s p r e s e n t e d above c o n s i d e r s j u s t two o f 
the many harmonic c o n s t i t u e n t s w h i c h would be r e q u i r e d f o r 
a f u l l d e s c r i p t i o n o f a t i d a l s t r e a m , and w h i l s t s uch an 
approach g i v e s a u s e f u l i n s i g h t i n t o t h e b e h a v i o u r o f 
streams i t i s n o t adequate f o r t h e p u r p o s e s o f p r e d i c t i o n . 
A method based on t h e p r i n c i p l e s o f harmonic a n a l y s i s i s 
pr o p o s e d . C h a p t e r 7. A number o f t i d a l c o n s t i t u e n t s a r e 
s e l e c t e d as r e p r e s e n t a t i v e o f t h e s t r e a m , a co m p o s i t e 
e x p r e s s i o n i s t h e n a v a i l a b l e f o r p r e d i c t i o n , p r o v i d e d t h e 
harmonic c o n s t a n t s can be e s t a b l i s h e d . I n g e n e r a l t h e 
number o f c o n s t i t u e n t s f o r i n c l u s i o n w i l l depend on t h e 
a r e a under c o n s i d e r a t i o n and t h e d a t a a v a i l a b l e ; and t h e 
c o m p u t a t i o n a l f a c i l i t i e s t o be d e v o t e d t o t h e t a s k . 
For t h e seas around t h e Channel I s l a n d s t h e f o l l o w i n g 
l i s t s h o u l d be c o n s i d e r e d ; 
Independent d a t a 
i t e m s r e q u i r e d 
4 
2 
2 
2 
4 
2 
2 
2 
2 
4 
The e l l i p s e p a rameters c o u l d be e s t a b l i s h e d w i t h t h e 
a i d o f h i g h r e s o l u t i o n n u m e r i c a l models. The need f o r h i g h 
r e s o l u t i o n a r i s e s from t h e l a c k o f s p a t i a l coherence i n 
the t i d a l s t r e a m s i g n a l . T h i s method a v o i d s t h e problems 
i n h e r e n t i n s t a n d a r d methods and r e p r e s e n t s a more 
e f f i c i e n t use o f d a t a ; 26 d a t a i t e m s a r e s p e c i f i e d w h i c h 
i s t h e same as w i t h t i d a l s t r e a m diamond t a b l e s . 
C o n s t i t u e n t 
^2 
^2 
^2 
^2 
M4 
2SM2 
2MS2 
MS4 
MSf 
M^ 
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with t h e above l i s t t h e c o m p u t a t i o n a l r e q u i r e m e n t s 
f o r p r e d i c t i o n would be modest; programmable c a l c u l a t o r o r 
micro-computer. S t o r a g e o f t h e d i s t r i b u t i o n o f the e l l i p s e 
p a r a m e t e r s would p r o b a b l y be b e s t a c h i e v e d v i a networks 
p r e s e n t e d i n a t l a s form f o r d i f f e r e n t a r e a s . I n c l u s i o n o f 
n o d a l f a c t o r s i n t h e above w o u l d a l l o w e s t i m a t e s o f t i d a l 
s t ream b e h a v i o u r t o be made f o r p a r t i c u l a r t i m e s o v e r 
s p e c i f i e d i n t e r v a l s . Use c o u l d a l s o be made o f 
o b s e r v a t i o n a l d a t a . 
T h i s d a t a , i f complete and o f s u f f i c i e n t a c c u r a c y , 
would r e p l a c e r e s u l t s from n u m e r i c a l schemes. I f however, 
as i s more l i k e l y t he o b s e r v a t i o n s a r e i n c o m p l e t e , a 
c o m b i n a t i o n o f n u m e r i c a l r e s u l t and o b s e r v a t i o n c o u l d be 
used. 
A d e s c r i p t i o n o f t h e t i d a l s t r eams i n t h e E n g l i s h 
C h a n n e l , based on a l i s t o f 28 c o n s t i t u e n t s has r e c e n t l y 
been p u b l i s h e d ( F o r n e r i n o & Le P r o v o s t , 8 5 ) . The harmonic 
c o n s t a n t s were produced u s i n g a 10km g r i d n u m e r i c a l 
s i m u l a t i o n based e l e v a t i o n d a t a from a p h y s i c a l model o f 
the C h a n n e l . R e s u l t s from t h i s s t u d y compared f a v o u r a b l y 
w i t h o b s e r v a t i o n s a t a number o f s i t e s . The l a r g e g r i d 
s i z e used s e v e r e l y l i m i t s t h e v a l u e o f such r e s u l t s 
p a r t i c u l a r l y i n c o a s t a l r e g i o n s , o r i n r e g i o n s o f r a p i d l y 
c h a n g i n g t o p o g r a p h y , as l o c a l f e a t u r e s o f t h e f l o w a r e 
c l e a r l y n o t r e s o l v e d . 
As d i s c u s s e d i n C h a p t e r 9 i t was n o t p o s s i b l e i n t h i s 
s t u d y t o c a r r y o u t s i m u l a t i o n a t f r e q u e n c i e s o t h e r t h a n 
the s e m i - d i u r n a l , a l t h o u g h t h i s must be seen as a r e s o u r c e 
l i m i t a t i o n and not a l i m i t a t i o n o f t h e b a s i c model. 
S i m u l a t i o n a t o t h e r f r e q u e n c i e s i s p o s s i b l e i f r e q u i r e d . 
F o r t h e purposes o f i n i t i a l s i t e s e l e c t i o n and 
co m p a r i s o n , w h i c h i s t h e r e q u i r e m e n t i n t h e p r e s e n t 
c o n t e x t , the c o n t r i b u t i o n from and S2 o n l y a r e 
c o n s i d e r e d . A t a l a t e r s t a g e , more d e t a i l e d d a t a f o r 
p r e d i c t i o n c o u l d be g e n e r a t e d . 
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C h a p t e r 9 N u m e r i c a l Model 
9.1 I n t r o d u c t i o n 
The t i d a l c h a r a c t e r i s t i c s o f the s h e l f 
seas s u r r o u n d i n g the UK have been t h e s u b j e c t o f a l a r g e 
number o f i n v e s t i g a t i o n s u s i n g n u m e r i c a l models ( F l a t h e r 
and H e a p s , 7 5 ; F l a t h e r , 7 6 ; P i n g r e e and Maddock,77; t o 8 6 ) . 
The s u c c e s s o f such schemes a c c u r a t e l y t o p r e d i c t t i d a l 
e l e v a t i o n s , and r e p r o d u c e known p a t t e r n s o f r e s i d u a l 
c i r c u l a t i o n and w a t e r t r a n s p o r t , e n a b l e s one t o have 
c o n f i d e n c e i n t h e i r use t o i n d i c a t e t i d a l b e h a v i o u r i n 
a r e a s where t h e f l o w i s n o t known. 
The e x a c t form o f t h e e q u a t i o n s o f m o t i o n used i s 
d e t e r m i n e d by t h e h y d r a u l i c geometry o f t h e a r e a b e i n g 
c o n s i d e r e d and the end use o f t h e r e s u l t s from the model. 
In s h a l l o w a r e a s , and c l o s e t o c o a s t l i n e s t h e n o n - l i n e a r 
terms a r i s i n g from bottom f r i c t i o n , a d v e c t i o n , h o r i z o n t a l 
d i f f u s i o n and c o n t i n u i t y must be c o n s i d e r e d i f a r e a l i s t i c 
p h y s i c a l d e s c r i p t i o n o f the dynamics i s t o be o b t a i n e d . 
The i n c l u s i o n o f t h e s e terms i s o f p a r t i c u l a r i m p o r t a n c e 
w i t h h i g h r e s o l u t i o n models where s p a t i a l g r a d i e n t s can be 
l a r g e . 
9.2 Development 
The b a s i c method r e q u i r e d f o r the 
n u m e r i c a l s o l u t i o n o f t h e hydrodynamic e q u a t i o n s i s w e l l 
known, however n u m e r i c a l schemes a r e n o t g e n e r a l l y 
a v a i l a b l e ; a c c o r d i n g l y a new model had t o be d e v e l o p e d f o r 
the p r e s e n t work. 
The e x t e n t and r e s o l u t i o n o f e a ch o f t h e a r e a s 
c o n s i d e r e d i s shown i n F i g 9.1 & 9.2. 
The l o c a t i o n s o f t h e a r e a s f o r e a ch o f t h e models i s 
as f o l l o w s ; 
A l d e r n e y 
NW c o r n e r 49°51.6 N 2°32.4 W 
SE c o r n e r 49°36.4 N 1°48.6 W 
Number o f g r i d s q u a r e s 2774 (38x73) 
Time s t e p s p e r t i d a l c y c l e 3600 
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Guernsey 
NW c o r n e r 49°33.6 N 2°56.4 W 
SE c o r n e r 49°16.4 N 2°15.6 W 
Number o f g r i d s q u a r e s 2924 (43x68) 
Time s t e p s p e r t i d a l c y c l e 3600 
J e r s e y 
NW c o r n e r 49°21.6 N 2°26.4 W 
SE c o r n e r 49° 6.4 N 1°33.6 W 
Number o f g r i d s q u a r e s 3344 (38x88) 
Time s t e p s p e r t i d a l c y c l e 3600 
C e n t r a l C hannel (2NM) 
NW c o r n e r 50°48.0 N 3°12.0 W 
SE c o r n e r 48°22.0 N 1°18.0 W 
Number o f g r i d s q u a r e s 2774 (73x38) 
Time s t e p s p e r t i d a l c y c l e 600 
E n g l i s h C hannel (4NM), (lONM) 
NW c o r n e r 52°16.0 N 10°54.0 W 
SE c o r n e r 48°22.0 N 1°54.0 E 
Number o f g r i d s q u a r e s , 4NM, 8064 (63x128) 
Time s t e p s p e r t i d a l c y c l e 450 
Number o f g r i d s q u a r e s , lONM, 300 (12x25) 
Time s t e p s p e r t i d a l c y c l e 360 
The development o f t h e above n u m e r i c a l models was 
c a r r i e d o u t i n c o l l a b o r a t i o n w i t h , and under t h e g u i d a n c e 
o f . Dr. K.J.George, o f t h e Department o f M a r i n e S c i e n c e , 
a t Plymouth P o l y t e c h n i c . A l l o f t h e models employ a s e t o f 
g e n e r a l i s e d computer programs d e v i s e d by Dr. George. 
The o r i g i n a l a p p l i c a t i o n was t o a lONM mesh model o f 
the E n g l i s h C h a n n e l . The main o b j e c t i v e s o f t h i s model 
were; 
( i ) t o prove t h e f i n i t e d i f f e r e n c e scheme i n i t s 
p r e s e n t form; 
( i i ) t o e s t a b l i s h a s e t o f d a t a h a n d l i n g r o u t i n e s ; 
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( i i i ) t o e s t a b l i s h t h e r e q u i r e m e n t s f o r t h e h i g h e r 
r e s o l u t i o n models. 
The t i m e an e f f o r t d e v o t e d t o t h i s f i r s t s t a g e p r o v e d 
t o be j u s t i f i e d , i n terms o f t h e c o m p a r a t i v e ease w i t h 
w h i c h l a r g e q u a n t i t i e s o f d a t a were s u b s e q u e n t l y h a n d l e d . 
Work on the models began i n September 1985 and 
s a t i s f a c t o r y r e s u l t s were o b t a i n e d by t h e b e g i n n i n g o f 
1987. 
9.3 V e r t i c a l l y i n t e g r a t e d e q u a t i o n s 
The t w o - d i m e n s i o n a l , d e p t h a v e r a g e d e q u a t i o n s o f 
motion and c o n t i n u i t y can be d e r i v e d , under some 
assum p t i o n s (Heaps,78), from Newton's 2nd Law and t h e 
c o n s e r v a t i o n o f mass i n two o r t h o g o n a l h o r i z o n t a l 
d i r e c t i o n s . The b a s i c method used i n t h e d e r i v a t i o n o f 
the s e e q u a t i o n s i s w i d e l y d i s c u s s e d i n t e x t s on c l a s s i c a l 
f l u i d dynamics and p h y s i c a l oceanography, f o r example von 
Sc h w i n d ( 8 0 ) ; t h e g e n e r a l form h a v i n g been p r e s e n t e d by 
Proudman(53), and the d e p t h i n t e g r a t e d form by K u i p e r s and 
V r e u g h e n h i l ( 7 3 ) . 
For t h e p r e s e n t purpose t h e e q u a t i o n s a r e most 
c o n v e n i e n t l y e x p r e s s e d i n C a r t e s i a n c o o r d i n a t e s , i e . 
at ax V 4^ - 2o.Vsino = ay 
-g aE ax kbV(U '*V')/(H+E) 
a'u • A r liu 
ax' 
ay' (1) 
iX . u iY . ^ i V ^ 2^^^.^^ _ aE 
at ax ay ^ ay kV/(U '-V')/(H+E) 
alv a^v 
ax' " ay' 
(2) 
aE 
at 
3_ 
ax (H'E )U 
a_ 
ay : H - E ) V = 0 (3) 
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t t ime c o o r d i n a t e s 
x,y h o r i z o n t a l s p a t i a l c o o r d i n a t e s , p o s i t i v e 
e a s t and n o r t h 
Z v e r t i c a l s p a t i a l c o o r d i n a t e , Z=0 a t mean 
sea l e v e l and p o s i t i v e upwards, Z=E+H. 
U v e r t i c a l l y i n t e g r a t e d v e l o c i t y , e a s t 
V v e r t i c a l l y i n t e g r a t e d v e l o c i t y , n o r t h 
H w a t e r d e p t h from u n d i s t u r b e d s u r f a c e 
E s u r f a c e e l e v a t i o n 
f 2wsin0 , t h e g e o s t r o p h i c c o e f f i c i e n t 
0 l a t i t u d e 
k c o e f f i c i e n t o f bott o m f r i c t i o n 
A c o e f f i c i e n t o f h o r i z o n t a l eddy v i s c o s i t y 
C(j a n g u l a r f r e q u e n c y o f t h e E a r t h ' s r o t a t i o n 
C a r t e s i a n c o o r d i n a t e s a r e adequate because t h e a r e a s 
o f t h e models a r e s m a l l compared w i t h t h e s i z e o f t h e 
E a r t h . 
The above e q u a t i o n s a r e s o l v e d n u m e r i c a l l y , s u b j e c t 
t o p r e s c r i b e d boundary c o n d i t i o n s and f o r c i n g u s i n g a 
s t a n d a r d e x p l i c i t f i n i t e d i f f e r e n c e t e c h n i q u e . The 
approach i s e s s e n t i a l l y t h a t f o l l o w e d by P i n g r e e and 
Maddock,(7 7 ) . The f i n i t e d i f f e r e n c e terms f o r e q u a t i o n (1) 
a r e as f o l l o w s ; 
A d v e c t i o n , 
U ( i , j ) [ U ( i , j + l ) - U ( i , j-1) )/2DX + V j ^ f U ( i - l , j ) - U ( i + 1, j ) 3/2DY 
where, V^ ^ = 0 . 25CV ( i , j ) + V ( i , j + 1 ) + V ( i - 1 , j + 1)+V ( i - 1 , j ) } 
and DX, DY a r e s p a t i a l i n c r e m e n t s e a s t and n o r t h 
r e s p e c t i v e l y . 
P r e s s u r e g r a d i e n t t erm, due t o s u r f a c e s l o p e , 
2 g [ E ( i , j + l ) - E ( i , j ) ) / [ D X ( i , j + l ) + D X ( i , j ) ] 
C o r i o l i s t e r m , 
fV 
m 
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Bottom f r i c t i o n term. 
k C U ( i , j ) [ U ( i , j ) 2 + V^2]°-^}/E^ 
where, E^ ^ = 0. 5 [E ( i , j )+H ( i , j )+E ( i , j + 1)+H ( i , j + 1) 3 
H o r i z o n t a l d i f f u s i o n t e r m , 
A C U ( i , j - l ) + U ( i , j + 1 ) - 2 U ( i , j ) 3 / D X ^ 
+ A C U ( i - l , j ) + U ( i + l , j - 2 U { i , j ) 3 / D Y ^ 
S i m i l a r e x p r e s s i o n s a r e w r i t t e n f o r e q u a t i o n ( 2 ) . 
Each o f t h e above terms i s e v a l u a t e d a t a g i v e n time s t e p . 
S u b s t i t u t i o n i n (1) and (2) g i v e s t h e a c c e l e r a t i o n terms 
and hence t h e v e l o c i t i e s a t t h e n e x t t i m e s t e p . 
Terms i n t h e c o n t i n u i t y e q u a t i o n c o n t a i n i n g s p a t i a l 
g r a d i e n t s , w i t h r e s p e c t t o x, 
C E ( i , j ) + H ( i , j ) 3 f U ( i , j ) - U ( i , j-1) 3/DXj^ + 
[ U ( i , j - l ) + U ( i , j ) 3 [ E ( i , j + l ) + H ( i , j + 1) -
E ( i , j - l ) - H ( i , j-1) 3/4DXj^ 
where, DX^ = 0 . 5 [ D X ( i - 1 , j ) + D X ( i , j ) 3 
S i m i l a r l y f o r t h e g r a d i e n t s w i t h r e s p e c t t o y, 
[ E ( i , j ) + H ( i , j ) 3 [ V ( i - l , j ) - V ( i , j ) 3 / D Y + 
[ V ( i - 1 , j ) + V ( i , j ) 3 C E ( i - l , j ) + H ( i - l , j ) - E ( i + l , j ) - H ( i + l , j ) 3/4DY 
The e l e v a t i o n a t t h e n e x t t i m e s t e p i s deduced from 
the above terms and e q u a t i o n ( 3 ) . 
The E,U and V f i e l d s a r e t h e n u p d a t e d and t h e 
p r o c e d u r e r e p e a t e d . 
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The g r i d n o t a t i o n and s p a t i a l o r i e n t a t i o n o f t h e 
v a r i a b l e s i s shown below; 
j - 1 j - 1 j j j+1 j+1 
i - 1 
i - 1 
U 
V 
i+1 
i+1 
The above g r i d was l o c a t e d g e o g r a p h i c a l l y w i t h 
Z - p o i n t s c o i n c i d e n t w i t h t h e i n t e r s e c t i o n o f l i n e s o f 
l a t i t u d e and l o n g i t u d e . The g r i d s p a c i n g i s such t h a t t h e 
model mesh i s a l m o s t square i n t h e l a t i t u d e o f the E n g l i s h 
Channel. F o r a lONM (18.53 km) mesh a g r i d o f 10 min. 
l a t i t u d e and 15 min. l o n g i t u d e i s r e q u i r e d . A t each 
i n c r e a s e i n r e s o l u t i o n t h e g r i d s p a c i n g i s re d u c e d by a 
f a c t o r o f f i v e . The h i g h r e s o l u t i o n g r i d l i n e s a r e spaced 
a t 0.4 min. l a t . by 0.6 min. l o n g . (0.4NM, 740m). 
T h i s approach p r o v i d e s a g e o g r a p h i c a l l y more e l e g a n t 
r e p r e s e n t a t i o n o f t i d a l b e h a v i o u r (model g r i d c o i n c i d e s 
l a t . & l o n g . ) than t h a t p r o d u c e d by many o t h e r s t u d i e s . 
The g e o g r a p h i c a l g r i d i s i l l u s t r a t e d below; 
I I I I 
I I I I 
Z V Z V Z V Z 
I I I I 
I I I I 
U E U E U E U • 
I I I I 
t i l l 
Z V Z V Z V Z 
I I I I 
I I I I 
U E U E U E U 
I I I I 
I I I I 
Z V Z V Z V Z 
t i l l 
I I I I 
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9.4 Boundary and i n i t i a l c o n d i t i o n s 
These were: 
( i ) boundary e l e v a t i o n s 
( i i ) i n i t i a l e l e v a t i o n s s p e c i f i e d a t H - p o i n t s 
( i i i ) i n i t i a l U v a l u e s a t U - p o i n t s 
( i v ) i n i t i a l V v a l u e s a t V - p o i n t s 
(V) geometry H v a l u e s ( r e f e r r e d t o c h a r t datum) a t 
H - p o i n t s 
( v i ) geometry (mean sea l e v e l - c h a r t datum) a t 
Z - p o i n t s . 
( v i i ) sub-mesh geometry, d e t a i l s o f p o s i t i o n s where U o r 
V a r e s e t t o z e r o , a t t o p o g r a p h i c a l f e a t u r e s t o o 
s m a l l t o be r e s o l v e d by t h e mesh. 
( v i i i ) geometry o f c o a s t l i n e s , s p e c i f i e d by codes a t t h e 
Z - p o i n t s . R e q u i r e d a t t h e o u t p u t s t a g e . 
( i x ) Run s p e c i f i c d a t a , eg. mean/mean spring/mean neap 
t i d e e t c . 
The above d a t a were p r e p a r e d as a s e r i e s o f s e p a r a t e 
i n p u t f i l e s . An exemplary l i s t i n g o f t h e i n p u t d a t a i s 
g i v e n i n Appendix 5; t h e same f o r m a t was used f o r each 
model. Each o f t h e above i n p u t s i s d i s c u s s e d i n d e t a i l 
below. 
( i ) Boundary E l e v a t i o n s 
These t a k e t h e form o f t h e 
a m p l i t u d e and phase o f t h e p r i n c i p a l l u n a r s e m i - d i u r n a l 
c o n s t i t u e n t and i t s f i r s t and second harmonics (M2,M^,and 
Mg). These v a l u e s a r e n o t g e n e r a l l y known a t p o s i t i o n s i n 
the open sea and i t i s t h e r e f o r e n e c e s s a r y t o i n t e r p o l a t e 
between s t a t i o n s on t h e c o a s t , where v a l u e s have been 
e s t a b l i s h e d from o b s e r v a t i o n , o r from v a l u e s g e n e r a t e d by 
n u m e r i c a l models c o v e r i n g a w i d e r a r e a . 
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I n t h e lONM model, t i d a l e l e v a t i o n s i n t h e Dover 
S t r a i t and St.George's C h a n n e l were i n t e r p o l a t e d from 
c o a s t a l v a l u e s ; t h o s e on t h e s h e l f edge were t a k e n from 
C a r t w r i g h t ( 6 6 ) . I t was o r i g i n a l l y i n t e n d e d t o use o u t p u t 
from t h i s model as i n p u t t o t h e 2NM mesh model. In t h e 
e v e n t , i t was n o t c o n s i d e r e d s u f f i c i e n t l y a c c u r a t e and 
i n s t e a d , t h e i n p u t t o t h e 2NM model was o b t a i n e d by 
i n t e r p o l a t i o n from d a t a , p r o v i d e d by Dr.R.D.Pingree ( 8 4 ) , 
whic h had been g e n e r a t e d as p a r t o f a 2.5NM mesh s t u d y o f 
the E n g l i s h C h a n n e l . 
Fo r a l l models, t h e s e c o n d i t i o n s were s p e c i f i e d a t 
the H - p o i n t s which a r e one g r i d p o i n t i n from t h e p h y s i c a l 
edge o f t h e model boundary. The v a l u e s were produced by 
l i n e a r i n t e r p o l a t i o n , by hand. C o r n e r v a l u e s were i n c l u d e d 
a t a l a t e r s t a g e as t h e s e were found n e c e s s a r y i n o r d e r 
t h a t v e l o c i t i e s a t t h e b o u n d a r i e s c o u l d be d e t e r m i n e d 
c o r r e c t l y . 
The t i m e o r i g i n o f t h e models was t h e passage o f t h e 
mean Moon o v e r t h e Greenwich m e r i d i a n . 
( i i ) I n i t i a l e l e v a t i o n s and v e l o c i t i e s 
In t h e f i r s t 
i n s t a n c e i t was c o n s i d e r e d n e c e s s a r y t o " g i v e t h e model a 
s t a r t " , t h a t i s a p l a u s i b l e s e a s u r f a c e and motion from 
which a t i d a l regime c o u l d be d e v e l o p e d o v e r a number o f 
r u n - i n c y c l e s , ( F l a t h e r & Heaps,75). 
The e l e v a t i o n s , a t H - p o i n t s , were e x t r a c t e d from 
c o a r s e r mesh models as i n ( i ) above, i n t h i s case by two 
d i m e n s i o n a l B e s s e l i a n i n t e r p o l a t i o n . These v a l u e s were 
s p e c i f i e d a t t h e passage o f t h e mean Moon a c r o s s t h e 
Greenwich m e r i d i a n (H cos g ^ ) . 
V e l o c i t i e s were d e t e r m i n e d i n an e x a c t l y s i m i l a r 
manner; a f t e r i n t e r p o l a t i o n t h e v e l o c i t y f i e l d s were 
compared w i t h stream a t l a s e s and c h a r t s , and s u i t a b l e 
a d j u s t m e n t s made t o a v o i d o b v i o u s l y u n r e a l i s t i c v a l u e s , 
p a r t i c u l a r l y c l o s e t o c o a s t l i n e s . 
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In a d d i t i o n c h a r t s were examined t o l o c a t e 
t o p o g r a p h i c a l f e a t u r e s t o o s m a l l t o be r e s o l v e d by t h e 
g r i d , U and V v a l u e s were s e t p e r m a n e n t l y t o z e r o as 
a p p r o p r i a t e a t t h e s e p o i n t s . The p o s i t i o n s were 
communicated t o the model by a s e p a r a t e f i l e . 
A l l e a r l y model r u n s were c a r r i e d o u t u s i n g such 
i n i t i a l p i c t u r e s . T h i s was done l a r g e l y i n an a t t e m p t t o 
reduce t h e number o f r u n - i n c y c l e s r e q u i r e d and t o a v o i d 
i n s t a b i l i t i e s . Once c o n s i s t e n t l y s t a b l e r u n s were a c h i e v e d 
t h e s e were n o t used and t h e models were spun up from z e r o 
e l e v a t i o n and v e l o c i t y f i e l d s . Two r u n i n c y c l e s were u s e d 
and t h e t h i r d t a k e n t o r e p r e s e n t t h e t i d a l s o l u t i o n . A t 
t h i s s t a g e t h e a m p l i t u d e and phase o f M2 were c o n s i s t e n t 
w i t h c o a s t a l s t a t i o n s w i t h i n t h e models. T a b l e 9.1. I n 
a d d i t i o n t h e g e n e r a l c o n f i g u r a t i o n o f c o - r a n g e and 
co-phase c o n t o u r s were b r o a d l y s i m i l a r t o t h o s e from o t h e r 
s o u r c e s , f o r example, F o r n e r i n o and P r o v o s t ( 8 5 ) ; and t h e 
v e l o c i t y f i e l d s i n good q u a l i t a t i v e agreement w i t h Sager 
and Sammler(75). 
H M_ cm g M_ °L 2 ^o 2 
model ATT model ATT 
S t . H e l i e r 340 336 183 182 
S t . P e t e r P o r t 268 264 181 183 
Braye 191 186 199 204 
T a b l e 9.1 A m p l i t u d e and p h a s e - l a g . 
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The s m a l l number o f r u n - i n c y c l e s r e q u i r e d i s 
a t t r i b u t e d t o t h e r i g i d c o u p l i n g o f t h e m o t i o n o f t h e 
e n c l o s e d sea a r e a t o t h e boundary c o n d i t i o n s which i s 
i n e v i t a b l e w i t h h i g h r e s o l u t i o n models o f r e l a t i v e l y s m a l l 
a r e a s . T h i s c o n t r a s t s w i t h models o f l a r g e a r e a s where 
seven o r more r u n i n c y c l e s have been u s e d ( P i n g r e e and 
Maddock,77). T h i s c l o s e c o u p l i n g h i g h l i g h t s t h e need f o r 
c a r e i n t h e s p e c i f i c a t i o n o f boundary c o n d i t i o n s , as any 
s m a l l d i s c o n t i n u i t i e s a r e l i k e l y t o be t r a n s m i t t e d i n t o 
t h e body o f t h e model and d e v e l o p i n t o i n s t a b i l i t i e s . 
I n l a r g e r s c a l e models t h e i n f l u e n c e o f t h e i n i t i a l 
boundary c o n d i t i o n s p e r s i s t s f o r two t o t h r e e c y c l e s o n l y , 
( F l a t h e r , 7 5 ) . 
( i i i ) Seabed t o p o g r a p h y 
T h i s i s d e f i n e d i n terms o f w a t e r 
d e p t h s , r e l a t i v e t o c h a r t datum, e x t r a c t e d from 
h y d r o g r a p h i c c h a r t s o f t h e a r e a . 
A c o m b i n a t i o n o f A d m i r a l t y and F r e n c h c h a r t s was 
used as s o u r c e o f t h i s d a t a , t h e c h o i c e d e p ending on t h e 
d e t a i l o f c o v erage and f r e q u e n c y o f t h e s o u n d i n g s i n e a c h 
a r e a . The c h a r t c o v e r a g e o f t h e c e n t r a l C h a n n e l model and 
t h e Normano-Breton G u l f a r e shown i n A ppendix 4. C h a r t s 
were marked w i t h a 0.4 NM g r i d i e . 0.4 min. l a t by 0.6 
min. l o n g . A l l t h e s o u n d i n g s i n a g r i d space were a v e r a g e d 
and r e c o r d e d as t h e r e p r e s e n t a t i v e d e p t h o v e r t h a t a r e a . 
D e t a i l s o f t h e t e c h n i q u e s r e q u i r e d and p r o b l e m s 
e n c o u n t e r e d d u r i n g t h i s p r o c e s s a r e g i v e n i n Appendix 4. 
The a v a i l a b i l i t y o f d e p t h d a t a imposes one o f t h e 
r e s t r i c t i o n s on t h e l i m i t o f r e s o l u t i o n o f n u m e r i c a l 
models. The l i m i t o f h i g h d e n s i t y s o u n d i n g s around each o f 
t h e i s l a n d a r e a s was t h e m a j o r c o n s i d e r a t i o n i n d e f i n i n g 
t h e d i m e n s i o n o f each model. The 0.4 NM d e p t h s were 
f u r t h e r a v e r a g e d and i n c l u d e d i n t h e d e p t h d a t a f o r t h e 
2NM model. 
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( i v ) Z£ 
Depth d a t a t a k e n from n a v i g a t i o n a l c h a r t s a r e 
r e l a t i v e t o c h a r t datum, whereas computed e l e v a t i o n s E a r e 
s p e c i f i e d r e l a t i v e t o mean sea l e v e l . I t i s t h e r e f o r e 
n e c e s s a r y t o p r o v i d e t h e d i f f e r e n c e between mean sea l e v e l 
and c h a r t datum i n o r d e r t o c a l c u l a t e t h e e l e v a t i o n s . The 
v a l u e o f t h i s q u a n t i t y (termed Zo) i s p o o r l y known 
o f f s h o r e , b u t does n o t need t o be known a c c u r a t e l y , s i n c e 
the depths t h e m s e l v e s a r e o n l y s p e c i f i e d t o t h e n e a r e s t 
metre. 
F o r t h e lONM model, a Zo s u r f a c e was p r e p a r e d u s i n g 
the p u b l i s h e d v a l u e s i n A.T.T. f o r t h e c o a s t a l p o r t s and 
1.8H(M2) a l o n g t h e s h e l f edge. F o r t h e o t h e r models, t h e 
v a l u e s o f Zo were i n t e r p o l a t e d from p r e - e x i s t i n g f i e l d s i n 
the c o a r s e r g r i d s , i n a s i m i l a r way t o t h e p r e p a r a t i o n o f 
i n i t i a l v e l o c i t y and e l e v a t i o n f i e l d s . A l l v a l u e s o f Zo 
were s p e c i f i e d a t t h e Z - p o i n t s . 
(v) C o a s t l i n e codes 
The i n p u t d a t a a r e s p e c i f i e d on a 
s p a t i a l g r i d , shown above; i n t h e p r o c e s s o f c a l c u l a t i o n , 
f o r m i n g t h e body o f t h e n u m e r i c a l p r o c e d u r e , i n d i v i d u a l 
c a l c u l a t i o n s a r e c e n t r e d on d i f f e r e n t g r i d p o i n t s . F o r 
example, c a l c u l a t i o n o f v e l o c i t i e s i n t h e c o n t i n u i t y 
e q u a t i o n i s c e n t r e d on H - p o i n t s , whereas i n t h e momentum 
e q u a t i o n t h e c a l c u l a t i o n i s c e n t r e d on v e l o c i t y p o i n t s . 
A f t e r s o l u t i o n o f the e q u a t i o n s i t i s r e q u i r e d t o p r e s e n t 
t h e o u t p u t on a g r i d c o r r e s p o n d i n g t o t h e Z - p o i n t s . F o r 
squares s u r r o u n d e d by o t h e r w a t e r s q u a r e s t h i s p r e s e n t s no 
d i f f i c u l t y , however f o r s q u a r e s a d j a c e n t t o c o a s t l i n e s a 
d i f f e r e n t "average" i s r e q u i r e d depending on t h e p o i n t s 
d i s p o s i t i o n w i t h r e s p e c t t o t h e l a n d . 
In o r d e r t h a t t h e c o r r e c t average i s c a l c u l a t e d t h e 
o r i e n t a t i o n o f t h e p o i n t s a d j a c e n t t o t h e c o a s t l i n e i s 
communicated t o the model from a s e p a r a t e f i l e . The f i l e 
c o n t a i n s a s e r i e s o f codes s p e c i f i e d a t Z - p o i n t s f o r t h e 
c o r r e s p o n d i n g H - p o i n t s , f o r example; 
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Hg where, i s a l a n d p o i n t 
H H, H, H i s a sea p o i n t 
5 X X S 
z z 
c c H H H, Z i s a code a t a Z - p o i n t s s 1 c 
Z 
c H H H, 
S S 1 
Three l e t t e r codes where employed t o r e p r e s e n t t h e s e 
p o i n t s , f o r example; 
SCS - s t r a i g h t c o a s t l i n e s o u t h 
HSW - h e a d l a n d s outhwest 
CNE - c o r n e r n o r t h e a s t , e t c . 
P r e p a r a t i o n o f t h e s e f i l e s r e q u i r e s c o n s i d e r a b l e c a r e i f 
s e n s i b l e v a l u e s a r e t o be p r o d u c e d a t t h e o u t p u t s t a g e . 
( v i ) Sub-mesh geometry 
Some f e a t u r e s a r e t o o s m a l l t o be 
r e s o l v e d by g r i d s q u a r e s , and y e t c l e a r l y o f s u f f i c i e n t 
s i z e t o i n f l u e n c e t h e f l o w . Such f e a t u r e s were i d e n t i f i e d 
from c h a r t s , and t h e v e l o c i t i e s s e t t o z e r o a c c o r d i n g l y . 
One such f e a t u r e i s t h e i s l a n d o f S a r k o f f t h e e a s t c o a s t 
o f Guernsey, w h i c h can n o t be r e s o l v e d on a 2NM g r i d . 
( v i i ) Run d a t a 
These f i l e s c o n t a i n e d t h e f o l l o w i n g 
i n f o r m a t i o n s p e c i f i e d f o r t h e p a r t i c u l a r model and r u n ; 
- model d i m e n s i o n s , number o f X and Y p o i n t s 
- g r i d s i z e , NM 
- r u n number 
- number o f t i m e s t e p s p e r c y c l e 
- number o f r u n i n c y c l e s 
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- p a r t c y c l e o p t i o n , and number o f t i m e s t e p s 
- L a t . and Long. NW c o r n e r o f g r i d 
- f a c t o r ; neap, mean o r s p r i n g t i d e 
- s t a r t o p t i o n f o r E, U and V f i e l d s 
- g^ o f M2 f o r s t a n d a r d p o r t 
9.5 S t a b i l i t y 
( i ) G e n e r a l 
A g u i d e t o t h e maximum p e r m i s s i b l e t i m e s t e p 
f o r a s t a b l e f i n i t e d i f f e r e n c e s o l u t i o n can be o b t a i n e d 
u s i n g t h e C o u r a n t - F r i e d r i c h s - L o e w y c r i t e r i o n i n t h e form; 
t < s/(2gD)°-^ 
where; t = t h e time s t e p , s 
s = t h e g r i d s p a c i n g , m 
D = t h e maximum d e p t h , m 
For t h e 2NM g r i d t h i s i n d i c a t e s a t i m e s t e p o f about 68 
s e c , t h e a c t u a l time s t e p used was 62.1 s e c , 
c o r r e s p o n d i n g t o 0.5 degree o f t i d a l t i m e a n g l e . I n t h e 
case o f t h e 0.4 NM mesh a t i m e s t e p o f about 16 s e c . was 
i n d i c a t e d ; a v a l u e o f 12.42 s e c . was used i n p r a c t i c e , 
c o r r e s p o n d i n g t o 0.1 degree o f TTA. 
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( i i ) Bottom F r i c t i o n 
The l a t e r a l s t r e s s a t t h e s e a bed c a n n o t be 
d e t e r m i n e d d i r e c t l y i n terms o f t h e d e p t h averaged 
v e l o c i t i e s , and i t i s n e c e s s a r y t o make c e r t a i n 
a s s u m p t i o n s . The s i m p l e s t a p p r o a c h i s t o r e l a t e the s t r e s s 
a t t h e s e a bed t o t h e mean v e l o c i t y u s i n g a q u a d r a t i c l a w . 
The s t r e s s i s t h e n r e l a t e d t o t h e mean v e l o c i t y v i a a d r a g 
c o e f f i c i e n t . The v a l u e o f t h i s i s e i t h e r s p e c i f i e d (as i n 
the p r e s e n t work) or i t can be l e f t as a f r e e parameter t o 
tune t h e n u m e r i c a l s o l u t i o n t o f i t o b s e r v a t i o n . 
The v a l u e o f the d r a g c o e f f i c i e n t u s e d i n t h e p r e s e n t 
work was 0.0025, f o l l o w i n g P i n g r e e & Maddock(77). The 
v a l u e depends on a number o f f a c t o r s , i n c l u d i n g bottom 
roughness, w a t e r depth and t h e phase o f t h e t i d e 
( S o u l s b y , 8 3 ) . I t i s n o t common p r a c t i c e t o a l l o w f o r t h e s e 
f a c t o r s i n s t u d i e s o f t i d a l m o t i o n . Work by P i n g r e e ( 8 3 ) 
s u g g e s t s t h a t f u r t h e r c l a r i f i c a t i o n o f t h e v a l u e o f t h e 
d r a g c o e f f i c i e n t may l e a d t o improved t i d a l s o l u t i o n s , 
e s p e c i a l l y when two o r more c o n s t i t u e n t s a r e i n v o l v e d , f o r 
example i n t h e s i m u l a t i o n o f t h e s p r i n g - n e a p c y c l e . The 
same s t u d y a l s o s u g g e s t s t h a t t h e q u a d r a t i c law might be 
r e p l a c e d by d i f f e r e n t power laws and d i f f e r e n t d r a g 
c o e f f i c i e n t s a t d i f f e r e n t s t a t e s o f t h e t i d e . 
I n a r e a s o f v e r y s h a l l o w w a t e r , t h e denominator o f 
the f r i c t i o n t e r m becomes s m a l l , and t h e term i t s e l f 
g e n e r a t e s i n s t a b i l i t i e s . The n a t u r e o f bottom f r i c t i o n 
under t h e s e c i r c u m s t a n c e s becomes o b s c u r e (Ramming & 
K o w a l i k , 8 0 ) . I n the c o n t e x t o f n u m e r i c a l m o d e l l i n g , t h e 
problem can be a v o i d e d by f i x i n g t h e v a l u e o f t h e f r i c t i o n 
term i n n o n - d r y i n g r e g i o n s a t t h a t c a l c u l a t e d a t some 
p r e d e t e r m i n e d minimum a l l o w a b l e d e p t h . I n t h e p r e s e n t 
work, i f t h e w a t e r d e p t h f a l l s below 0.1m, t h e n the 
f r i c t i o n t e r m i s e v a l u a t e d f o r a d e p t h o f 0.1m. 
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( i i i ) H o r i z o n t a l d i f f u s i o n 
I n s h a l l o w w a t e r a d v e c t i o n terms make a s i g n i f i c a n t 
c o n t r i b u t i o n t o t h e t r a n s p o r t o f momentum i n t o a r e g i o n . 
Under some c i r c u m s t a n c e s , a d d i t i o n a l d i s s i p a t i v e terms a r e 
r e q u i r e d i f t h e s o l u t i o n i s t o remain s t a b l e . 
The mechanism i n t r o d u c e d i s h o r i z o n t a l d i f f u s i o n , 
which d e s c i b e s t h e d i s s i p a t i o n t o due h o r i z o n t a l v e l o c i t y 
g r a d i e n t s . In s h a l l o w w a t e r r e g i o n s t h e a d v e c t i o n and 
h o r i z o n t a l d i f f u s i o n terms a r e o f t h e same o r d e r o f 
magnitude. 
I n t h e 0.4NM models, e a r l y a t t e m p t s t o produce s t a b l e 
s o l u t i o n s w i t h o u t h o r i z o n t a l d i f f u s i o n were made by 
a d j u s t i n g t h e i n p u t v e l o c i t y f i e l d , b u t a l l o f t h e s e 
a t t e m p t s f a i l e d . I n c l u s i o n o f h o r i z o n t a l d i f f u s i o n 
r e s u l t e d i n s t a b i l i t y i n t h e s e r e g i o n s . 
There i s some doubt as t o t h e v a l u e o f t h e 
c o e f f i c i e n t t h a t s h o u l d be used i n t h e e v a l u a t i o n o f t h i s 
2 
term: a v a l u e o f 100 m /s was u s e d , f o l l o w i n g P i n g r e e and 
Maddock(77). However, no p a r t i c u l a r s i g n i f i c a n c e s h o u l d be 
a t t a c h e d t o t h i s v a l u e . I n s t u d i e s w i t h c o a r s e r g r i d s , t h e 
term as a whole has a f a r s m a l l e r i n f l u e n c e and i s o f t e n 
c o n s i d e r e d n e g l i g i b l e . I t was o m i t t e d i n t h e lONM and 2NM 
models, f o r i n s t a n c e , and a l s o i n t h e P i n g r e e and 
Maddock's (77) 5NM model o f t h e E n g l i s h C h a n n e l . I n o r d e r 
t o improve th e q u a l i t y o f r e s u l t s i n t h e v i c i n i t y o f 
h e adlands Le P r o v o s t and F o r n e r i n o ( 8 5 ) used t h i s t e rm i n 
c o m b i n a t i o n w i t h a d j u s t m e n t t o t h e c o e f f i c i e n t o f bottom 
f r i c t i o n . To a c h i e v e t h i s two v a l u e s o f t h e c o e f f i c i e n t 
2 
were used; 1000 and 5000m / s ; t h e c o r r e s p o n d i n g v a l u e s o f 
d r a g c o e f f i c i e n t were 0.0028 and 0.0023. 
Ramming and K o w a l i k ( 8 0 ) , s u g g e s t a c o e f f i c i e n t 
dependent on g r i d s i z e and t i m e s t e p f o r s h a l l o w c o a s t a l 
a r e a s . The f o r m u l a t i o n s u g g e s t e d s t i l l depends on t h e 
s e l e c t i o n o f a "smoothing" f a c t o r , b u t seems t o have t h e 
m e r i t t h a t h i g h e r v a l u e s a r e used i n a p p r o p r i a t e a r e a s . 
A c o n s t a n t v a l u e o f 100 m^/s was used t h r o u g h o u t t h e 
h i g h r e s o l u t i o n models w i t h s a t i s f a c t o r y r e s u l t s . 
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( i v ) D r y i n g 
A c o m b i n a t i o n o f t h e h i g h r e s o l u t i o n and l a r g e t i d a l 
range e n c o u n t e r e d i n t h e p r e s e n t scheme means t h a t t h e 
e f f e c t s o f d r y i n g c a n n o t be i g n o r e d . I t i s c l e a r t h a t t h e 
p h y s i c a l c o n d i t i o n s r e q u i r e d as a square becomes d r y o r 
wet a r e n o t a d e q u a t e l y r e p r e s e n t e d by t h e e q u a t i o n s w h i c h 
a p p l y t o the r e s t o f t h e model. 
P r e v i o u s a t t e m p t s t o d e a l w i t h t h i s p r o b l e m a r e 
r e p o r t e d by F l a t h e r and Heaps(75) i n a s t u d y o f Morecambe 
Bay; t h e i r a p proach was t o i n t e r r o g a t e v a l u e s o f e l e v a t i o n 
u s i n g a s e r i e s o f i n v o l v e d c o n d i t i o n s and s e t t i n g t h e U 
and V v a l u e s a c c o r d i n g l y . An e q u a l l y complex system was 
f o l l o w e d by Ramming and K o w a l i k ( 7 7 ) , i n w h i c h the t o t a l 
mass t r a n s f e r was m a i n t a i n e d i n a g i v e n a r e a . T h i s 
approach does not l e a d t o an improved d e s c r i p t i o n o f t h e 
p h y s i c s o f t h e problem o f d r y i n g ; however, t h e t e c h n i q u e 
y i e l d s i n f o r m a t i o n w h i c h a l l o w s a more d e t a i l e d s i m u l a t i o n 
o f t h e m i g r a t i o n o f t h e d r y i n g l i n e . 
I n t h e p r e s e n t work, a s o l u t i o n was sought by 
l i m i t i n g t h e magnitude o f t h e bottom f r i c t i o n i f the d e p t h 
f e l l below some a r b i t r a r y l e v e l i n a p a r t i c u l a r square. 
W h i l s t t h i s r e s u l t e d i n s t a b l e s o l u t i o n s , v a l u e s o f 
v e l o c i t y i n d r y i n g r e g i o n s remained u n a c c e p t a b l y h i g h . 
T h i s v e r s i o n o f the model, however, p r o d u c e s adequate 
s o l u t i o n s i n the absence o f d r y i n g , such as i n the model 
o f t h e A l d e r n e y a r e a . I t was p o s s i b l e t o p r o c e e d w i t h 
o t h e r a s p e c t s o f t h e work u s i n g t h i s model w h i l s t s e e k i n g 
a s o l u t i o n t o the d r y i n g problem. 
The method used t o overcome t h i s p r o b l e m was found i n 
the a p p l i c a t i o n o f a t e c h n i q u e i n t r o d u c e d by R e i d and 
Bodine (68) i n a s t u d y o f s t o r m s u r g e s i n t h e USA. The 
p r i n c i p l e i s t o i d e n t i f y s q u a r e s as t h e y a r e about t o 
e i t h e r become wet o r d r y , and t o t r e a t t h e f l o w a c r o s s t h e 
b o u n d a r i e s o f such s q u a r e s as i f t h e y were w e i r s . The 
e l e v a t i o n and d e p t h c o m b i n a t i o n s which need t o be 
i d e n t i f i e d a r e shown i n F i g 9.3, The v e l o c i t i e s are 
c a l c u l a t e d u s i n g t h e f o l l o w i n g e x p r e s s i o n ; 
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CD (qP) 0.5 U w s 
where 
C 
U 
D 
s 
w the v e l o c i t y , m/s 
a c o n s t a n t (<0.5) 
wat e r d e p t h o v e r t h e c r e s t o f t h e w e i r , m 
g r i d s p a c i n g , m 
I t i s c o n s i d e r e d t h a t t h i s a p p r o a c h i s more r e a l i s t i c 
t h a n t h o s e p r e v i o u s l y c o n s i d e r e d , i n t h a t a r e a s o n a b l e 
d e s c r i p t i o n o f a f l o w i s a p p l i e d t o o b t a i n t h e v e l o c i t i e s 
i n t o o r o u t o f d r y i n g s q u a r e s . In p a r t i c u l a r i t removes 
the need t o s e l e c t a d e p t h , below w h i c h t h e bottom 
f r i c t i o n i s g i v e n a f i x e d v a l u e . 
The d e r i v a t i o n o f t h e above e x p r e s s i o n s i s from 
c o n s i d e r a t i o n o f s t e a d y f l o w , w i t h f r i c t i o n b e i n g a l l o w e d 
f o r v i a t h e c o e f f i c i e n t C, w h i c h i n t h e p r e s e n t 
c i r c u m s t a n c e s must be c o n s i d e r e d a r b i t r a r y . A v a l u e o f 0.5 
was used i n p r a c t i c e , t a k i n g t h e l i m i t o f t h e c o n d i t i o n 
recommended by R e i d and B o d i n e ( 6 8 ) . C a s u a l o b s e r v a t i o n o f 
w ater movement n e a r t o t h e c o a s t i n d i c a t e s t h a t the f l o w 
d u r i n g d r y i n g i s o f a complex n a t u r e and t h e j u s t i f i c a t i o n 
f o r t h e use o f any method t o e s t a b l i s h t h e v e l o c i t i e s i n 
t h e s e r e g i o n s must be based on t h e a b i l i t y o f t h e method 
t o produce s e n s i b l e v a l u e s . Improved p h y s i c a l d e s c r i p t i o n 
i s l i k e l y t o f o l l o w o n l y a f t e r more d e t a i l e d s t u d y . T h i s 
t e c h n i q u e was a p p l i e d t o a l l d r y i n g s q u a r e s . 
The movement o f t h e c o a s t a l b o u n d a r i e s as a r e s u l t o f 
d r y i n g i s a l l o w e d f o r by e x a m i n i n g t h e w a t e r depth i n a 
p a r t i c u l a r s q u a r e ; i f t h i s f a l l s below a p r e d e t e r m i n e d 
v a l u e (0.05m), t h e s quare i s deemed d r y a t t h a t p o i n t i n 
the t i d a l c y c l e . Component r a t e s a r e a l s o s e t t o z e r o i n 
t h e s e s q u a r e s i f the r a t e f a l l s below 0.02m/s; b o t h 
c o n d i t i o n s a r e i n d i c a t e d i n t h e o u t p u t f i l e s from t h e 
a n a l y s i s program. The s t a t e o f t h e c o a s t l i n e can t h e n be 
i n d i c a t e d on subsequent g r a p h i c a l o u t p u t . 
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(V) Flow a c r o s s open sea b o u n d a r i e s 
The t i d e i s i n t r o d u c e d a l o n g t h e open boundary by 
s p e c i f y i n g t h e t h e e l e v a t i o n as a f u n c t i o n o f time a t e a c h 
o f t h e p o i n t s on t h e boundary, i n t h e form; 
2 3 
E = f^A2Cos(wt-e2) + f^A^cos(2wt-e^) + f^AgCos(3wt-eg) 
The v a l u e o f w used i s a c o m p o s i t e o f t h a t f o r M2 and S2 
(Pugh,81). I t would be p o s s i b l e t o i n t r o d u c e any 
c o m b i n a t i o n o f t i d a l f o r c i n g a t t h i s s t a g e , i f r e q u i r e d . 
W i t h e x p l i c i t n u m e r i c a l schemes t h e p r o b l e m remains 
o f c a l c u l a t i n g t h e v e l o c i t y a c r o s s t h e boundary. T h i s c a n 
be approached by s p e c i f y i n g a r a d i a t i o n c o n d i t i o n a t t h e 
boundary as i n F l a t h e r ( 7 6 ) , f o l l o w i n g R e i d and Bodine 
( 6 8 ) , o r , more s i m p l y , as i n t h e p r e s e n t a p p r o a c h by 
i n t e r p o l a t i n g from t h e i n s i d e o f t h e g r i d t o g i v e 
a p p r oximate v e l o c i t i e s a c r o s s t h e b o u n d a r i e s . I n i t i a l 
e x p e r i m e n t s w i t h methods o f c o n t r o l l i n g s t a b i l i t y a l o n g 
b o u n d a r i e s i n c l u d e t h e a p p l i c a t i o n o f " a u t o m a t i c 
smoothing" r o u t i n e s , none o f w h i c h p r o v e d s a t i s f a c t o r y . 
S t a b l e s o l u t i o n s were o n l y o b t a i n e d when t h e a d v e c t i o n 
terms i n t h e f i r s t 3 g r i d s q u a r e s from t h e boundary o f t h e 
model v/ere o m i t t e d . T h i s o m i s s i o n must be c o n s i d e r e d when 
u s i n g t h e f i n a l ouput from t h e model. 
The s e c t i o n s above under emphasise t h e problems 
e x p e r i e n c e d i n r e a c h i n g a s t a g e where c o n s i s t e n t l y s t a b l e 
r u n s were a c h i e v e d - Many o f t h e d i f f i c u l t i e s a r e n o t 
d i s c u s s e d . 
9.6 A n a l y s i s 
( i ) Harmonic C o n s t a n t s and E l l i p s e P a r a m e t e r s 
E l e v a t i o n and t h e two v e l o c i t y components are 
e x t r a c t e d t h r o u g h o u t t h e d e f i n i t i v e c y c l e o f a model r u n 
a t i n t e r v a l s o f 24 deg. o f TTA (15 p o i n t s i n 12.42 h o u r s ) . 
These v a l u e s a r e t h e n a n a l y s e d u s i n g a s t a n d a r d F o u r i e r 
method. 
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The r e s u l t s f o r e l e v a t i o n a r e t h e h a r m o n i c c o n s t a n t s 
f o r t h e s e m i - d i u r n a l s p e c i e s and i t s f i r s t two h a r m o n i c s . 
The e q u i v a l e n t v a l u e s f o r e a s t and n o r t h v e l o c i t y -
components a r e f u r t h e r a n a l y s e d t o y i e l d t h e e l l i p s e 
p a rameters f o r t h e same s p e c i e s as above. The p r o c e d u r e 
f o r t h e l a t t e r p a r t o f t h e a n a l y s i s i s i l l u s t r a t e d below. 
As i n C h a p t e r 8, U and V a r e e x p r e s s e d i n the f orm 
U = a coswt + b s i n w t 
V = c coswt + d s i n w t 
Then f o r any s p e c i e s , t h e F o u r i e r c o e f f i c i e n t s a, b, c, d 
a r e o b t a i n e d from r e c u r r e n c e f o r m u l a e . 
E l l i p s e p a r a m e t e r s a r e t h e n d e r i v e d as f o l l o w s ; 
[C^] = 0.5 £(a+d)^ + (c-b)^}°-^ 
[C_] = 0.5 [ ( a - d ) ^ + (c+b)^]°'^ 
R = [C^] + [C_] and r = [C_^]-[C_] 
X = (g_ + g+)12 
^ = (g_ - g+) 
g_ = a r c t a n C ( c + b ) / ( a - d ) 3 and g^ = a c r t a n [ ( c - b ) / ( a + d ) 3 
The n o t a t i o n i s t h e same as C h a p t e r 8. 
An example o f t h e o u t p u t i s g i v e n i n Appendix 8. T h i s 
i s f o r the Guernsey model, and g i v e s t h e d e t a i l s o f t h e 
s e m i - d i u r n a l c o n s t i t u e n t . 
( i i ) A t l a s Form 
One o f t h e s t a n d a r d methods o f p r e s e n t i n g t i d a l 
s t r e a m d a t a i s i n t h e form o f s t r e a m a t l a s e s . An example 
f o r a mean s p r i n g t i d e f o r each o f t h e h i g h r e s o l u t i o n 
models i s g i v e n i n Appendix 6. T h i s form o f p r e s e n t a t i o n 
c l e a r l y shows t h e p o s i t i o n o f d r y i n g a r e a s t h r o u g h t h e 
t i d a l c y c l e . 
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V e l o c i t y d a t a i s e x t r a c t e d e v e r y 27.69 deg.TTA d u r i n g 
t h e d e f i n i t i v e c y c l e and t h e t h i r t e e n v a l u e s r e f e r r e d t o 
H.W. a t a s t a n d a r d p o r t , i n t h i s c a s e S t . H e l i e r . S t a n d a r d 
g r a p h i c s r o u t i n e s were t h e n used t o prod u c e t h e o u t p u t . 
The r e s u l t s a r e i n good g e n e r a l agreement w i t h o t h e r 
s o u r c e s , d i s c u s s e d above, a l t h o u g h t h e d e t a i l i n t h e 
p r e s e n t work i s f a r g r e a t e r . 
9.7 Sp r i n g - n e a p v a r i a t i o n 
Complete s i m u l a t i o n over t h e 
s p r i n g neap c y c l e was n o t p o s s i b l e w i t h t h e c o m p u t a t i o n a l 
power a v a i l a b l e i n t h i s s t u d y . The r u n t i m e p e r c y c l e was 
of t h e o r d e r o f 2 hours ( A l d e r n e y model, t h r e e hours 
J e r s e y model) i e . about one s i x t h r e a l t i m e . Thus i t w ould 
be n e c e s s a r y t o have t h e machine a v a i l a b l e f o r about 2 
days w i t h o u t i n t e r r u p t i o n , p e r model. I t i s p o s s i b l e t o 
c o n s i d e r t h e s t o r a g e o f d a t a a t the end o f s h o r t r u n s and 
u s i n g t h i s as t h e i n p u t f o r t h e n e x t r u n and i n t h i s way 
p r o g r e s s t h r o u g h t h e com p l e t e s p r i n g - n e a p c y c l e . However, 
t h i s was n o t at t e m p t e d . The approach was t o produce 
r e s u l t s a t mean s p r i n g t i d e , mean t i d e and mean neap t i d e , 
t h e s e a r e t h e n used t o e s t i m a t e t h e r e q u i r e d mean 
p r o p e r t i e s o v e r t h e c y c l e . T h i s i s a c h i e v e d by a l t e r a t i o n 
o f t h e f a c t o r i n t h e f o r c i n g e x p r e s s i o n , see above. F o r 
the p r e s e n t purpose t h i s l i m i t a t i o n i s n o t s e r i o u s , i n any 
model o f t h e s p r i n g neap v a r i a t i o n used t h e e r r o r 
i n t r o d u c e d by the a s s u m p t i o n s i s l i k e l y t o l i e w i t h i n t h e 
band o f e r r o r e x p e c t e d i n measurement o f f l o w v e l o c i t i e s . 
T h i s i s i n c o n t r a s t t o the s i t u a t i o n t h a t e x i s t s w i t h 
e l e v a t i o n s , where v e r y a c c u r a t e o b s e r v a t i o n a l d a t a e x i s t . 
9.8 R e s i d u a l m o t i o n 
The t e r m " r e s i d u a l " i n t h i s c o n t e x t i s 
th e t i m e average o f t h e v e l o c i t y o r e l e v a t i o n , over a 
t i d a l c y c l e . D i f f e r e n t d e f i n i t i o n s a r e used i n o t h e r a r e a s 
o f s t u d y , f o r example i n t h e c o n t e x t o f t i m e s e r i e s 
a n a l y s i s o f t i d a l e l e v a t i o n s , t h e r e s i d u a l i s d e f i n e d as 
the d i f f e r e n c e between t h e o b s e r v e d and t h e t i d a l l y 
p r e d i c t e d parameter ( R o b i n s o n , 8 3 ) . 
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The i m p o r t a n c e o f r e s i d u a l m o t i o n was i n d i c a t e d 
p r e v i o u s l y i n t h e c o n t e x t o f t h e g e n e r a t i o n o f t i d a l 
a symmetries and t h e i r i n f l u e n c e on s t a n d a r d methods o f 
p r e d i c t i n g t i d a l s t r e a m s . The p a r t o f t h e r e s i d u a l m o t i o n 
b e i n g r e f e r r e d t o i s known as the E u l e r i a n r e s i d u a l , t h a t 
i s t h e r e s i d u a l t h a t would be r e c o r d e d by a f i x e d c u r r e n t 
meter. Thus i t can be o b t a i n e d by a v e r a g i n g t h e h o r i z o n t a l 
v e l o c i t y o v e r a c o m p l e t e t i d a l c y c l e ; i e . 
= 1/T Udt 
T h i s i s e a s i l y c a l c u l a t e d d u r i n g t h e e x e c u t i o n o f t h e 
model. 
The E u l e r i a n r e s i d u a l does n o t p r o v i d e a d e s c r i p t i o n 
o f the mass t r a n s p o r t t h r o u g h an a r e a , w h i c h r e q u i r e s t h e 
d e t e r m i n a t i o n o f t h e L a g r a n g i a n f l o w . T h i s i s n o t 
e s t a b l i s h e d d i r e c t l y b u t v i a t h e so c a l l e d Stokes f l o w , 
the u and v components o f w h i c h a r e g i v e n by; 
ud t t)u/c>x + v d t hu/c>y 
u d t ^v/a>x + v d t hv/^Y 
The i n t e g r a l i s ov e r t h e t i d a l p e r i o d and t h e o v e r b a r 
i n d i c a t e s t h e average o v e r a number o f t i d a l c y c l e s . 
The L a g r a n g i a n f l o w i s t h e n g i v e n by; 
" l = " E ^ "s 
A f u l l d i s c u s s i o n o f t h e above e q u a t i o n s and S t o k e s 
f l o w i s g i v e n by L o n g u e t - H i g g i n s ( 6 9 ) . 
C o n s i d e r a t i o n o f t h e r e s i d u a l m o t i o n w i l l form a l a t e r 
s t a g e o f s i t e s e l e c t i o n , when d e t a i l e d s t u d y o f asymmetric 
streams w i l l be r e q u i r e d . 
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. 9.2 Channel I s l a n d s - 0.4NM model b o u n d a r i e s 
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N 
w 
i / j 
S 
i + 1 , j 
Flow w i t h r e s p e c t t o g r i d square i , j . 
E a s t and West f l o w 
( i ) W t o E U +ve 
E ( i , j ) > E ( i , j + 1) and 
H ( i , j ) > H ( i , j + 1) 
D = E ( i , j ) - H ( i , j ) 
( i i ) W t o E U +ve 
E ( i , j ) > E ( i , j + 1) and 
H ( i , j + 1 ) > H ( i , j ) 
D = E ( i , j ) - H ( i , j + 1) 
( i i i ) E t o W U -ve 
E ( i , j + 1 ) > E ( i , j ) and 
H ( i , j ) > H ( i , j + 1 ) 
D' = E ( i , j + 1) - H ( i , j ) 
( i v ) E t o W U -ve 
E ( i , j + 1) > E ( i , j ) and 
H ( i , j + 1 ) > H ( i , j ) 
D = E ( i , j + 1 ) - H ( i , j + 1 ) 
N o r t h and South f l o w 
( i ) S t o N V +ve 
E ( i + l , j ) > E ( i , j ) and 
H ( i + l , j ) > H ( i , j ) 
D = E ( i + l , j ) - H ( i + l , j ) 
( i i ) S t o N V +ve 
E ( i + l , j ) > E ( i , j ) and 
H ( i , j ) > H ( i + l , j ) 
D = E ( i + l , j ) - H ( i , j ) 
( i i i ) N t o S V -ve 
E ( i , j ) > E ( i + l , j ) and 
H ( i + l , j ) > H ( i , j ) 
D = E ( i , j ) - H { i + l , j ) 
( i v ) N t o S V -ve 
E ( i , j ) > E ( i + l , j ) and 
H ( i , j ) > H ( i + l , j ) 
D = E ( i , j ) - H ( i , j ) 
D = water d e p t h over t h e c r e s t o f t h e w e i r , t h e two w a t e r 
depths r e q u i r e d i n t h e w e i r f o r m u l a a r e , 
W t o E I [ E ( i , j ) + E ( i , j + 1 ) - H ( i , j ) - H ( i , j + 1 ) ] 
2 
N t o S 1 [ E ( i , j ) + E ( i + l , j ) - H ( i , j ) - H ( i + l , j ) } 
2 
F i g . 9.3 C o n d i t i o n s f o r D r y i n g S q u a r e s . 
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P a r t 3. D i s c u s s i o n and Recommendations. 
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C h a p t e r 10 S i t e S e l e c t i o n 
10.1 I n t r o d u c t i o n 
As d i s c u s s e d above f i n a l s i t e s e l e c t i o n 
w i l l o n l y be p o s s i b l e a t a more advanced s t a g e when some 
measure o f f i n a n c i a l commitment t o a scheme has been 
e s t a b l i s h e d . I n t h e meantime t h e p o t e n t i a l o f p a r t i c u l a r 
a r e a s , and o f t h e i n d i v i d u a l i s l a n d s , needs t o be 
a s s e s s e d . 
From t h e r e s u l t s o f t h e n u m e r i c a l models t h e 
p o t e n t i a l power o u t p u t a t each g r i d l o c a t i o n can be 
c a l c u l a t e d . T h i s was c a r r i e d o u t f o r t h e two p o s s i b l e , 
a l t e r n a t i v e , d e v i c e c h a r a c t e r i s t i c s c o n s i d e r e d namely; 
( i ) a b i d i r e c t i o n a l d e v i c e w i t h i t s a x i s a l i g n e d 
w i t h t h e s e m i - a x i s major o f t h e maximum s t r e a m . 
The power p e r u n i t a r e a o f i n t e r r u p t e d f l o w i s 
g i v e n by: 
p^^ = (U cos X + V s i n X ) ^ 
where: = a c o n s t a n t 
X = o r i e n t a t i o n o f maximum stream 
( i i ) a d e v i c e w h i c h f o l l o w s t h e t i d a l stream v e c t o r , 
e i t h e r , a h o r i z o n t a l a x i s machine which r o t a t e s 
w i t h t h e s t r e a m , o r a v e r t i c a l a x i s d e v i c e . The 
power p e r u n i t a r e a o f i n t e r r u p t e d f l o w i s 
g i v e n by: 
Pma = ^ r ^ 
where: = a c o n s t a n t 
V a l u e s o f t h e p o t e n t i a l power o u t p u t p e r u n i t a r e a o f 
i n t e r r u p t e d f l o w were e x t r a c t e d from t h e d e f i n i t i v e c y c l e 
o f each r u n o f a p a r t i c u l a r n u m e r i c a l model. These were 
c a l c u l a t e d a t each o f f i f t e e n t i m e s t e p s t h r o u g h t h e c y c l e 
and t h e n averaged. I t s h o u l d be n o t e d t h a t v a l u e s o f 
v e l o c i t i e s used i n t h e s e c a l c u l a t i o n s i n c l u d e the 
c o n t r i b u t i o n from the h i g h e r harmonics and t h e r e s i d u a l 
f l o w . 
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These d a t a a r e t h e n c o n s i d e r e d i n c o n j u n c t i o n w i t h 
the depth d a t a f o r each g r i d l o c a t i o n , as f o l l o w s . 
The maximum d e v i c e s i z e w h i c h c o u l d be d e p l o y e d a t a 
p a r t i c u l a r s i t e i s d e t e r m i n e d a t t h e l o w e r end o f t h e 
s c a l e as h a v i n g a r o t o r d i a m e t e r o f 75% o f t h e water d e p t h 
(LAT). At t h e upper end o f t h e s c a l e a d e v i c e d i a m e t e r o f 
20m i s t a k e n as t h e l i m i t , i e ; 
water d e p t h < 3m No d e v i c e c o n s i d e r e d 
w a t e r d e p t h < 26 and > 3m = 0.75 x w a t e r depth 
water d e p t h > 26m R^ = 20m 
The low e r l i m i t i s s e t i n o r d e r t h a t s h a l l o w w a t e r 
s i t e s w i t h v e r y h i g h v e l o c i t y streams were n o t e x c l u d e d , 
a l t h o u g h d e v i c e s o f t h i s s i z e have n o t been c o s t e d . 
A d i f f e r e n t a pproach would be r e q u i r e d t o g a i n u s e f u l 
power from such d e v i c e s ; f o r example, t h e deployment o f a 
l a r g e r number o f t u r b i n e s , p e r h a p s , s u p p o r t e d by a common 
s t r u c t u r e and w i t h a s h a r e d a t r a n s m i s s i o n l i n e . T h i s 
o p t i o n i s n o t c o n s i d e r e d f u r t h e r . 
The power a v a i l a b l e , a t a p a r t i c u l a r g r i d l o c a t i o n , 
i s t h e n t h e p r o d u c t o f t h e p o t n t i a l power o u t p u t p e r u n i t 
a r e a o f i n t e r r u p t e d f l o w , t h e a r e a o f i n t e r r u p t e d f l o w and 
the e x t r a c t i o n e f f i c i e n c y . The e x t r a c t i o n e f f i c i e n c y i s 
t a k e n t o be a c o n s t a n t t h r o u g h o u t . 
The average power o v e r a mean s p r i n g - n e a p c y c l e i s 
e s t i m a t e d u s i n g t h e method i n d i c t e d i n C h a p t e r 8. A 
complete s e t o f power o u t p u t d a t a f o r t h e J e r s e y model i s 
g i v e n i n Appendix 8. V a l u e s o f t h e spring-mean r a t i o and 
r o t o r d i a m e t e r a r e a l s o g i v e n . 
P o t e n t i a l s i t e s a r e i d e n t i f i e d as t h o s e w i t h a h i g h 
v a l u e o f power o u t p u t o v e r a mean s p r i n g t i d e . T h i s 
c r i t e r i o n i s c o n s i d e r e d t o be more s a t i s f a c t o r y t h a n r a t e d 
power, as the r a t e d power depends n o t j u s t on the maximum 
v e l o c i t y b u t a l s o on t h e d e t a i l s o f b l a d e geometry. The 
p r e s e n t method o f s e l e c t i o n i s t h e r e f o r e independent o f 
the d e t a i l s o f b l a d e d e s i g n . An i n d i c a t i o n o f r a t e d power, 
based on maximum v e l o c i t y , i s g i v e n o n l y f o r those s i t e s 
d i s c u s s e d i n d e t a i l below. The r a t e d power i s c a l c u l a t e d 
from the s e m i - a x i s major o f t h e s e m i - d i u r n a l e l l i p s e . 
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F o r s i t e s where t h e c o n t r i b u t i o n from t h e q u a r t e r - d i u r n a l 
c o n s t i t u e n t i s s i g n i f i c a n t t h i s has been i n c l u d e d i n t h e 
c a l c u l a t i o n . 
I n a d d i t i o n v a l u e s o f p h a s e - l a g a r e compared t o 
de t e r m i n e t h e p r e s e n c e o f c o m b i n a t i o n s o f s i t e s w hich 
c o u l d l e a d t o a c o n t r i b u t i o n t o f i r m power. 
10.2 S i t e / a r e a p r o f i l e s 
From an e x a m i n a t i o n o f the above 
o u t p u t a number o f a r e a s a r e o b v i o u s c h o i c e s f o r 
c o n s i d e r a t i o n , each o f t h e i s l a n d s i s c o n s i d e r e d 
s e p a r a t e l y . 
I n s e l e c t i n g a r e a s r e s u l t s c l o s e t o t h e boundary o f 
the n u m e r i c a l models have been d i s c o u n t e d t o a d i s t a n c e o f 
t h r e e g r i d s q u a r e s , see C h a p t e r 9, s e c t i o n 9 . 5 ( v ) . 
I t s h o u l d be n o t e d t h a t each l o c a t i o n r e p r e s e n t s an 
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a r e a o f 740 x 740 m (.55 km ) and t h a t a number o f 
d e v i c e s w i t h s i m i l a r o u t p u t c o u l d be l o c a t e d i n each a r e a . 
An i n d i c a t i o n o f t h e t o t a l p r o d u c t i o n o f a g r i d 
square can be g a i n e d i f a d e v i c e s p a c i n g o f , say, 5x r o t o r 
d i a m e t e r i s assumed. F o r a 20m d e v i c e 9 d e v i c e s c o u l d be 
d e p l o y e d . 
The l e v e l o f power o u t p u t w h i c h i s u s e d t o i d e n t i f y a 
s i t e as p o t e n t i a l l y u s e f u l v a r i e s w i t h t h e model under 
c o n s i d e r a t i o n . F o r s i t e s d i s p l a y i n g a h i g h e c c e n t r i c i t y 
b o t h f i x e d and moving a x i s d a t a i s g i v e n , f o r low 
e c c e n t r i c i t y o n l y t h e f i x e d a x i s d e v i c e i s p r e s e n t e d . 
The d a t a g i v e n below i s e x t r a c t e d from a l a r g e r 
summary g i v e n i n Appendix 7. The f o l l o w i n g n o t a t i o n i s 
used i n a l l the t a b l e s . 
I , J - g r i d s q u are c o o r d i n a t e s f o r t h e i n d i v i d u a l 
model a r e a . 
Pms - p o t e n t i a l power o u t p u t o v e r a mean s p r i n g 
t i d a l c y c l e . 
Pmean - mean power p o t e n t i a l o v e r a mean s p r i n g - n e a p 
c y c l e . 
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P r a t e d 
Rd 
- r a t e d power, based on t h e maximum v e l o c i t y 
- maximum r o t o r d i a m e t e r 
( i ) J e r s e y 
Based on maximum power a v a i l a b l e two g e n e r a l a r e a s 
a r e i d e n t i f i e d , d e s i g n a t e d J l and J 2 . The l o c a t i o n s a r e 
shown i n F i g 10.1, below. 
The v a l u e s o f power a v a i l a b l e a r e g i v e n i n T a b l e s 
A7.1 and A7.2, Appendix 7. 
E l l i p s e p r o p e r t i e s a t each l o c a t i o n a r e g i v e n i n 
Tab l e s A7.5 and A7.6, Appendix 7. 
L o c a t i o n s w i t h p h a s e - l a g s o f t h e about 90° r e l a t i v e t o 
J l and J 2 , a r e d e s i g n a t e d J 3 and J4 r e s p e c t i v e l y , a r e 
shown i n F i g 10.1. Power o u t p u t and e l l i p s e p r o p e r t i e s a r e 
g i v e n i n T a b l e s A7.3, A7.4 and A7.7, A7.8 o f Appendix 7. 
A l l s i t e s , w i t h e x c e p t i o n o f one, i n a r e a s J l and J2 
have a p o t e n t i a l mean power o u t p u t f o r a mean s p r i n g t i d e , 
Pms, o f a lOOkW o r more. At t e n s i t e s i n J l Pms i s g r e a t e r 
t h a n 150kW. D e t a i l s o f t h e s e s i t e s a r e summarised below. 
A r e a J l 
I J Pms Pmean P r a t e d Rd P h a s e - l a g 
kW kW kW m °Lunar 
15 40 168 87 327 18 71 
41 159 83 298 18 69 
42 151 80 287 17 68 
16 41 179 94 353 19 67 
42 184 97 369 18 67 
43 151 81 303 18 67 
44 154 82 323 20 67 
17 42 185 98 349 17 64 
43 174 93 337 18 65 
44 164 88 328 20 66 
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A r e a J2 
I J Pms Pmean P r a t e d Rd P h a s e - l a g 
kW kW kW m Lunar 
18 13 131 69 282 20 200 
19 12 121 63 263 20 205 
Area J3 - complementary t o J l 
I J Pms Pmean P r a t e d Rd P h a s e - l a g 
kW kW kW m °Lunar 
12 19 40 20 146 20 168 
12 20 27 12 90 20 154 
13 19 49 23 161 20 163 
14 19 50 24 161 20 160 
Area J4 - complementary t o J2 
I J Pms Pmean P r a t e d Rd P h a s e - l a g 
kW kW kW m °Lunar 
12 28 20 8 78 18 109 
13 27 20 8 80 20 115 
As can be seen t h e p o t e n t i a l power a t t h e 
complementary s i t e s i s c o n s i d e r a b l y l e s s t h a n a t t h e 
p o s i t i o n s on maximum p o t e n t i a l . 
An example power o u t p u t f o r J e r s e y i s g i v e n i n 
Appendix 8. 
( i i ) Guernsey 
S e l e c t i o n on a s i m i l a r b a s i s f o r Guernsey produces 
the r e s u l t s g i v e n i n T a b l e s A7.9 t o A7.20 i n Appendix 7. 
The l o c a t i o n s a r e a s i s shown i n F i g 10.2, below. An 
e x t r a c t o f t h e r e s u l t s i s as f o l l o w s ; 
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Area GI 
A l l s i t e s Pms > 9 0kW w i t h n i n e > 2 0 0kW 
I J Pms Pmean P r a t e d Rd P h a s e - l a g 
kW kW kW m °Lunar 
13 53 225 121 504 20 187 
14 52 267 144 579 20 182 
53 232 123 533 20 185 
15 51 228 123 496 20 178 
52 200 108 455 20 182 
16 53 200 104 468 20 186 
17 53 214 111 489 20 186 
54 212 109 482 20 186 
18 54 242 123 529 20 187 
A r e a G2, G3, G4 and G5 
S i t e s w i t h Pms g e n e r a l l y > lOOkW 
I J Pms Pmean P r a t e d Rd P h a s e ^ l a g A r e a 
kW kW kW m °Lunar 
9 25 126 64 278 20 194 G2 
10 26 132 69 292 20 190 G2 
15 22 116 60 250 20 201 G3 
22 41 127 66 273 20 143 G4 
20 62 167 84 356 20 194 G5 
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Area G6, G7, G8 and G9 
G6 and G7 c o n t a i n s s i t e s w i t h complementary 
p h a s e - l a g s t o G l , G2, G3 and G5. 
G8 and G9 c o n t a i n s i t e s w i t h complementary p h a s e - l a g s 
t o G4. 
I J Pms Pmean P r a t e d Rd P h a s e - l a g A r e a 
kW kW kW m °Lunar 
24 22 31 15 100 20. 90 G6 
27 20 28 12 80 20 108 G6 
26 23 31 15 92 20 107 G6 
4 45 12 5 56 20 89 G7 
20 25 11 4 30 20 231 G8 
16 60 16 9 54 20 233 G9 
( i i i ) A l d e r n e y 
The p o t e n t i a l i n t h i s r e g i o n i s c o n s i d e r a b l y g r e a t e r 
t h a n t h a t f o r t h e o t h e r two i s l a n d r e g i o n s c o n s i d e r e d . The 
v a r i a t i o n i n p h a s e - l a g does n o t g i v e r i s e t o o u t - o f - p h a s e 
s i t e s . S e l e c t i o n i s c a r r i e d o u t on t h e b a s i s o f maximum 
power a l o n e . A summary o f t h e r e s u l t s i s g i v e n i n T a b l e s 
A7.12 t o A7.15 o f Appendix 7, and t h e l o c a t i o n o f t h e 
a r e a s shown i n F i g 10.3. An e x t r a c t from t h e r e s u l t s i s as 
f o l l o w s ; 
A r e a A l 
A l l s i t e s Pms > 4 9 0kW 
I J Pms Pmean P r a t e d Rd 
kW kW kW m 
21 40 790 441 1805 20 
41 760 419 1756 20 
22 42 780 413 1790 20 
21 48 1050 595 2480 20 
49 1170 671 2760 20 
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A r e a A2 
A l l s i t e s Pms > 200kW 
I J Pms Pmean P r a t e d Rd 
kW kW kW m 
18 24 380 236 1039 20 
25 370 233 973 20 
10.3 Deployment 
( i ) J e r s e y 
As d i s c u s s e d i n C h a p t e r 5 t h e s u p p l y s y s t e m 
on J e r s e y i s f l e x i b l e and a l r e a d y a c c e p t s power from 
d i v e r s e s o u r c e s . A r e a s o n a b l e l e v e l o f c o n t r i b u t i o n i n t h e 
f i r s t i n s t a n c e would be o f t h e o r d e r o f 2MW. 
A r a t e d power o f IMW c o u l d e a s i l y be a c h i e v e d by t h e 
deployment o f t h r e e , 20m d i a m e t e r , d e v i c e s i n any o f t h e 
g r i d s quares i n a r e a J l , summarised above. 
The s i t e a t g r i d square 15,40, wh i c h i s about 2.5NM 
o f f t h e n o r t h e a s t c o a s t o f t h e i s l a n d b e i n g chosen as an 
example. The p h a s e - l a g o f t h e maximum st r e a m a s s o c i a t e d 
w i t h t h i s p o s i t i o n i s 71°L. Complementary d e v i c e s c o u l d be 
depl o y e d i n e i t h e r o f g r i d s quares 13,19 o r 14,19, a r e a 
J3; the p h a s e - l a g b e i n g 163 and 160°L r e s p e c t i v e l y . These 
s i t e s l i e between about 0.5 t o INM o f f t h e n o r t h west 
coast o f t h e i s l a n d . The number o f d e v i c e s i n t h i s a r e a 
would be about 6 t o g i v e IMW. A c o n t r i b u t i o n t o f i r m o f 
about 700kW would thus be p r o v i d e d by t h i s c o m b i n a t i o n o f 
s i t e . 
Both o f t h e s e a r e a s a r e s u f f i c i e n t l y c l o s e t o t h e 
shore t o i d e n t i f y them as p o t e n t i a l s i t e f o r t h e 
deployment o f a p r o t o t y p e scheme. 
Other complementary s e t s o f s i t e s a r e a l s o t o be 
found i n a r e a s J2 and J 4 , t h e l e v e l o f c o n t r i b u t i o n from 
t h e s e i s , however, g e n e r a l l y l o w e r . 
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( i i ) Guernsey 
The minimum n i g h t t i m e demand on Guernsey o f 
8MW s u g g e s t s t h a t any c o n t r i b u t i o n up t o t h i s l e v e l c o u l d 
be made w i t h o u t d i s r u p t i o n o f t h e p r e s e n t system. 
A number o f p o s s i b l e c o m b i n a t i o n s o f s i t e e x i s t w h i c h 
c o u l d l e a d t o a c o n t r i b u t i o n t o f i r m power. 
S i t e s i n a r e a G l d i s p l a y t h e maximum l e v e l s o f 
p o t e n t i a l power o u t p u t . Two d e v i c e s d e p l o y e d i n g r i d 
square 13,53, p h a s e - l a g 18 7°L i n c o m b i n a t i o n w i t h 10 
d e v i c e s i n G9, p h a s e - l a g 233, would l e a d t o two systems 
r a t e d a t IMW each and c o n t r i b u t i n g t o f i r m power. The 
p r o x i m i t y o f t h e s e two a r e a s t o Sark might suggest t h e i r 
use as an a l t e r n a t i v e p r o t o t y p e scheme. A number o f o t h e r 
c o m b i n a t i o n s w h i c h would l e a d t o a c o n t r i b u t i o n t o f i r m 
power e x i s t and t h e most s u i t a b l e w ould depend on 
c o n d i t i o n s n o t c o n s i d e r e d i n d e t a i l a t t h i s s t a g e . 
( i i i ) A l d e r n e y 
The s i t u a t i o n f o r A l d e r n e y i s more 
i n v o l v e d . The p o t e n t i a l f o r t h e r e s o u r c e i s c o n s i d e r a b l e , 
however w i t h t h e i s l a n d s p r e s e n t p o l i c y t o space and w a t e r 
h e a t i n g n i g h t time demand i s a r t i f i c i a l l y low, a t around 
200kW. The day t i m e maximum f o r t h e i s l a n d o f about IMW 
c o u l d e a s i l y be met by t h e use o f any o f a l a r g e number o f 
s i t e s i n A l o r A2, however, t h e p h a s e - l a g d i s t r i b u t i o n 
around t h e i s l a n d does n o t i n d i c a t e a p o t e n t i a l f o r f i r m 
power. 
The e x i s t e n c e o f t i d a l s t r e a m asymmetry o f f t h e n o r t h 
e a s t c o a s t o f A l d e r n e y i s c o n f i r m e d by the r e s u l t s o f t h e 
p r e s e n t model. C a r e f u l e x a m i n a t i o n o f t h e t i d a l s tream 
a t l a s e s produced c l e a r l y i n d i c a t e s t h e e x i s t e n c e o f an 
a p p r o x i m a t e l y 3hour, 9hour asymmetry o f f t h e n o r t h c o a s t 
o f t h e i s l a n d . The s i t u a t i o n t o t h e s o u t h o f t h e i s l a n d 
remains u n c l e a r . The complementary s t r e a m must be c l o s e t o 
the s h o r e l i n e and as such a r e n o t r e s o l v e d by the 
n u m e r i c a l scheme, t h a t i s , t h e i r e x t e n t must be l e s s t h a n 
0.4NM. The water depth a v a i l a b l e i n t h i s a r e a would a l s o 
l e a d t o t h e e x c l u s i o n from c o n s i d e r a t i o n t h e use o f l a r g e 
d e v i c e s (range o f water d e p t h s i s 10 t o 2m, a t 0.4NM from 
the s o u t h e r n c o a s t ) . 
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A combined d i e s e l and t i d e m i l l s y s t e m r e q u i r e s 
d e t a i l e d c o n s i d e r a t i o n . A change i n t h e energy p o l i c y on 
the i s l a n d , i n g e n e r a l , and more s p e c i f i c a l l y towards 
n i g h t s t o r a g e h e a t i n g w o u l d improve t h e o v e r a l l p o s i t i o n 
on t h e i s l a n d and a l l o w t h e c o n s i d e r a t i o n o f a l a r g e r 
c o n t r i b u t i o n from t i d a l s t r e a m s . 
The p r o s p e c t s f o r a g r a d u a l growth i n t h e A l d e r n e y 
economy would no doubt improve w i t h t h e a d o p t i o n o f a 
sound a p p r o a c h t o e n e r g y p o l i c y and management. 
10.3 C o n c l u d i n g Remarks 
The s i t e s e l e c t i o n p r o c e d u r e 
adopted above i n d i c a t e s a l a r g e number o f p o t e n t i a l s i t e s 
f o r each o f t h e i s l a n d s c o n s i d e r e d . 
For J e r s e y and Guernsey schemes c o m b i n i n g s u i t a b l e 
d i f f e r e n c e s i n p h a s e - l a g have been l o c a t e d and the 
p o s s i b i l i t y o f a c o n t r i b u t i o n t o f i r m power e s t a b l i s h e d . 
S i t e s w i t h a combined r a t e d power o f 2MW a r e s u g g e s t e d f o r 
i n i t i a l c o n s i d e r a t i o n . 
The p o t e n t i a l o f t h e r e s o u r c e i n t h e sea a r e a around 
A l d e r n e y i s f a r i n e x c e s s o f t h e p r e s e n t , o r f o r e s e e a b l e , 
demand o f t h e i s l a n d . The v a r i a t i o n o f p h a s e - l a g o f t h e 
streams around the i s l a n d i s i n s u f f i c i e n t t o s u ggest a 
c o n t r i b u t i o n t o f i r m power. The r e s u l t s o f t h e n u m e r i c a l 
scheme i n d i c a t e t h a t t h e t i d a l asymmetry o f f t h e n o r t h 
e a s t e r n c o a s t i s u n s u i t a b l e f o r power e x t r a c t i o n . 
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C h a p t e r 11 F u t u r e Development 
11.1 E n g i n e e r i n g and Economic 
( i ) E n g i n e e r i n g 
To p r o g r e s s , from e a r l y f e a s i b i l i t y 
s t u d i e s o f t i d e m i l l schemes, d e m o n s t r a t i o n t h a t t h e 
t e c h n o l o g y can produce a u s e f u l c o n t r i b u t i o n t o a power 
s u p p l y system w i l l be r e q u i r e d . The o b v i o u s way t o 
demonstrate t h e t e c h n i c a l f e a s i b i l i t y o f t h e c o n c e p t i s 
t h r o u g h t h e use o f a p r o t o t y p e . The power produced s h o u l d 
be i n t e g r a t e d i n t o a s u p p l y system. Any o f t h e t h r e e 
i s l a n d s c o n s i d e r e d i s s u i t a b l e ; a l t h o u g h t h e p r a c t i c e on 
J e r s e y o f u t i l i s i n g s m a l l c o n t r i b u t i o n s from d i v e r s e 
energy s o u r c e s makes i t an i d e a l c h o i c e . The a l t e r n a t i v e 
i s t o e x t r a p o l a t e from e x p e r i e n c e g a i n e d i n o t h e r work. 
The most l i k e l y s o u r c e b e i n g t h e work i n p r o g r e s s i n t h e 
USA. Recent communication ( V a u t h i e r , 8 6 ) , c o n c e r n i n g t h e 
p r e s e n t work and s u g g e s t i n g f u t u r e c o l l a b o r a t i o n s h o u l d 
not be i g n o r e d . 
The o p t i o n o f a p r o t o t y p e , i f c o n s i d e r e d , s h o u l d be 
d e v e l o p e d on the b a s i s o f e x i s t i n g t e c h n o l o g y , i n o r d e r t o 
keep th e d e l a y from p r o p o s a l t o a w o r k i n g d e v i c e t o a 
minimum. T h i s has the e f f e c t o f s u s t a i n i n g i n i t i a l 
c o n f i d e n c e , w h i c h can e a s i l y be l o s t i f development and/or 
d e s i g n t i m e s a r e l o n g . The d e v i c e s h o u l d produce a s m a l l 
b u t u s a b l e o u t p u t , o f t h e o r d e r o f lOOkW, (8-12m r o t o r i n 
a 2-2.5m/s s t r e a m ) . An o u t p u t o f u s a b l e s i z e b e i n g more 
p e r s u a s i v e t h a n a l a b o r a t o r y s c a l e d e v i c e , p a r t i c u l a r l y 
w i t h o p e r a t i o n i n a marine e n v i r o n m e n t . I t i s w i t h t h e 
c o m p l e t i o n o f p r o t o t y p e s t u d i e s t h a t d e s i g n can be 
d i r e c t e d towards the s o l u t i o n o f i d e n t i f i a b l e problems and 
the r e q u i r e m e n t f o r f u r t h e r f u n d i n g becomes b e l i e v a b l e . 
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( i i ) Economics 
The a p p l i c a t i o n o f s i m p l e economic argument 
i m p l i e s t h a t a p r o j e c t w h i c h does n o t , a t l e a s t , pay f o r 
i t s e l f w i l l n e v e r be adopted. T h i s t y p e o f argument, 
though u s u a l l y g i v e n a p o s i t i o n o f p r i m e i m p o r t a n c e , f a i l s 
t o t a k e a c c o u n t o f t h e o t h e r i m p o r t a n t a s p e c t s a s s o c i a t e d 
w i t h power s u p p l y p r o b l e m s . These o t h e r f a c t o r s can be o f 
p a r t i c u l a r i m p o r t a n c e t o c o m m u n i t i e s w h i c h have a l i m i t e d 
number o f energy s u p p l y o p t i o n s . 
Economic arguments a r e n o t g e n e r a l l y c a p a b l e o f 
t a k i n g f u l l a c c o u n t o f t h e r e a s o n s f o r t h e development o f 
new t e c h n o l o g i e s . C o n s i d e r a t i o n o f more comprehensive 
methods o f assessment has r e c e i v e d some a t t e n t i o n , f o r 
example S w e e t ( 7 9 ) , however u n t i l t h e use o f such methods 
becomes more w i d e s p r e a d i t i s u n l i k e l y t h a t t h e i r 
a p p l i c a t i o n w i l l s e r v e t o a t t r a c t f u n d i n g t o new e n e r g y 
p r o j e c t s . 
In t h e meantime s i m p l e arguments, d e s p i t e t h e i r 
a t t e n d a n t u n c e r t a i n t i e s , have t h e advantage o f b e i n g 
e a s i l y a p p l i e d and u n d e r s t o o d . In a d d i t i o n t h e y can be 
p r e p a r e d a t low c o s t and a r e e a s i l y r e w o r k ed i n the l i g h t 
o f new i n f o r m a t i o n . 
The p o s s i b l e enhancement o f t h e economic case t h r o u g h 
a c o n t r i b u t i o n t o f i r m power has been d i s c u s s e d i n P a r t 1 
o f t h i s work, and s i t e s w h i c h c o u l d be u s e d i n t h i s way 
i d e n t i f i e d f o r J e r s e y and Guernsey. 
The d e t a i l s o f t h e economic argument s h o u l d be 
reworked i n t h e l i g h t o f t h i s i n f o r m a t i o n . A range o f 
p o s s i b l e l e v e l s o f deployment s h o u l d be c o n s i d e r e d and t h e 
economics compared w i t h t h e c o n v e n t i o n a l o p t i o n s . 
The most s u i t a b l e c a s e f o r s t u d y i s A l d e r n e y . The 
i n t r o d u c t i o n o f any change t o t h i s power s u p p l y system 
c o u l d n o t be c a r r i e d o u t w i t h o u t c o n s i d e r a t i o n o f e n e r g y 
p o l i c y and management on t h e i s l a n d . I t i s c o n s i d e r e d t h a t 
a d e t a i l e d s t u d y o f t h e o p t i o n s a v a i l a b l e t o A l d e r n e y i s 
o f some i m p o r t a n c e , and t h i s s h o u l d i n c l u d e t h o s e i s s u e s 
a f f e c t i n g t h e b r o a d e r problems a s s o c i a t e d w i t h energy 
s u p p l y . 
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( i i i ) C o s t s 
As s t a t e d above g r e a t c a u t i o n i s r e q u i r e d when 
making judgements based on e a r l y c o s t e s t i m a t e s . 
Grove-Palmer(84) i s one o f many a u t h o r s who e x p r e s s 
c o n c e r n over t h e emphasis p l a c e d on e a r l y c o s t e s t i m a t e s , 
and q u o t e s a number o f n o t a b l e examples where e a r l y c o s t s 
have been i n s e r i o u s e r r o r . T h i s l a c k o f c e r t a i n t y c a n n o t 
be a v o i d e d , and i t i s i m p o r t a n t t h a t when u s i n g any 
e s t i m a t e s , as p a r t o f t h e c a s e f o r a new t e c h n o l o g y , t h a t 
t h e p o s s i b l e range o f e r r o r be s t a t e d i n c o n j u n c t i o n w i t h 
the c o s t s . 
I f a p r o t o t y p e scheme were t o be d e v e l o p e d improved 
i n s i g h t i n t o the mature c o s t s would be g a i n e d . I f , as i s 
more l i k e l y , no f u n d i n g f o r a p r o t o t y p e becomes a v a i l a b l e 
a low c o s t s t u d y t o produce a w i d e r base f o r g e n e r i c 
c o s t i n g s h o u l d be c o n s i d e r e d . The r e s u l t s o f such an 
e x e r c i s e would a l s o a l l o w a s e n s i t i v i t y s t u d y t o be 
c a r r i e d o u t . T h i s i n t u r n would s e r v e t o p r o v i d e d i r e c t i o n 
t o any f u t u r e d e s i g n e f f o r t . 
11.2 T i d a l Stream M o d e l l i n g and P r e d i c t i o n 
( i ) M o d e l l i n g 
The p r e s e n t s t u d y has d e m o n s t r a t e d t h a t 
h i g h r e s o l u t i o n , f u l l y n o n - l i n e a r models o f c o m p a r a t i v e l y 
s m a l l a r e a s , can be d e v e l o p e d t o r e p r o d u c e t i d a l b e h a v i o u r 
i n r e g i o n s w i t h complex c o a s t l i n e s and topography. The 
r e s u l t s p roduced compare w e l l w i t h o t h e r , l a r g e r , s t u d i e s 
and o b s e r v a t i o n a l d a t a . The complex p r o b l e m o f d r y i n g has 
been s u c c e s s f u l l y i n c o r p o r a t e d i n t o t h e s o l u t i o n . 
F u r t h e r n u m e r i c a l e x p e r i m e n t s a r e r e q u i r e d t o r e f i n e 
t h e s o l u t i o n f o r t h e q u a r t e r - and s i x t h - d i u r n a l 
c o n s t i t u e n t s . Improvements a r e b e s t approached t h r o u g h t h e 
a d j u s t m e n t o f t h e c o e f f i c i e n t s o f bottom f r i c t i o n and 
h o r i z o n t a l d i f f u s i o n , e i t h e r s i n g l y , o r i n c o m b i n a t i o n . 
C o n s i d e r a t i o n o f c o e f f i c i e n t s t h a t v a r y t h r o u g h t h e t i d a l 
c y c l e and o t h e r power laws t o d e s c r i b e bottom f r i c t i o n 
form a v a l i d p a r t o f t h e l o n g e r t e rm o b j e c t i v e s o f t i d a l 
m o d e l l i n g . 
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A s i m u l a t i o n o f a s p r i n g - n e a p c y c l e s h o u l d be 
c o n s i d e r e d . W i t h modest computing f a c i l i t i e s t h i s i s 
d i f f i c u l t . Two p o s s i b l e approaches a r e w o r t h 
i n v e s t i g a t i n g . F i r s t l y ; t o p r o g r e s s t h r o u g h t h e 
s p r i n g - n e a p p e r i o d a few c y c l e s a t a t i m e , and s e c o n d l y , 
t o t r a n s f e r t h e model t o a d e d i c a t e d m i c r o - c o m p u t e r , where 
r u n t i m e s a r e l e s s i m p o r t a n t . 
O t h e r s i n g l e c o n s t i t u e n t models s h o u l d be r u n and t h e 
e l l i p s e p a r a m e t e r s p r o d u c e d i n c o r p o r a t e d i n t o the 
p r e d i c t i o n t e c h n i q u e s u g g e s t e d i n C h a p t e r 8. F u r t h e r work 
on t h e p r e s e n t a t i o n o f t i d a l s t r e a m d a t a i s a l s o r e q u i r e d . 
The t e c h n i q u e d e v e l o p e d f o r d r y i n g a r e a s s h o u l d be 
g i v e n f u r t h e r c o n s i d e r a t i o n . The p o s i t i o n o f t h e d r y i n g 
l i n e needs t o be d e t e r m i n e d a t s m a l l e r t i m e i n t e r v a l s t o 
e n s u r e t h a t d r y i n g s quares a r e n o t u n r e a l i s t i c a l l y 
o s c i l l a t i n g between t h e wet and d r y s t a t e . T h i s may r e s u l t 
i n t h e r e f i n e m e n t o f t h e c o n d i t i o n s used t o e s t a b l i s h t h e 
s t a t e o f a g r i d square p r i o r t o t h e a p p l i c a t i o n o f t h e 
w e i r e q u a t i o n . 
The use o f a 4NM mesh model t o i d e n t i f y a r e a s around 
t h e C o r n i s h c o a s t , s u i t a b l e f o r t i d e m i l l s , i s i n p r o g r e s s 
i n c o n n e c t i o n w i t h work f o r t h e C o r n w a l l Energy P r o j e c t . 
The use o f c o a r s e mesh models t o i d e n t i f y a r e a s f o r 
more d e t a i l e d s t u d y i s c o n s i d e r e d a u s e f u l t e c h n i q u e w h i c h 
may have a p p l i c a t i o n i n o t h e r f i e l d s , p a r t i c u l a r l y as a 
p r e c u r s o r t o s u r v e y work. P o s s i b l e a r e a s o f a p p l i c a t i o n 
such as c o a s t a l e n g i n e e r i n g a r e w o r t h y o f i n v e s t i g a t i o n . 
The c o s t o f development o f such models i s h i g h i n 
terms o f t h e e x p e r t i s e r e q u i r e d t o d e v e l o p t h e i n i t i a l 
scheme, however, t h e c o s t o f f u t u r e a p p l i c a t i o n s i s low. 
( i i ) P r e d i c t i o n Methods 
Widespread use o f s m a l l computers 
and t h e a v a i l a b i l i t y o f t i d a l c h a r a c t e r i s t i c s g e n e r a t e d by 
n u m e r i c a l schemes s u g g e s t e d t h e a p p l i c a t i o n o f the method 
o u t l i n e d i n C h a p t e r 8. 
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The b a s i c d a t a r e q u i r e d f o r p r e d i c t i o n c o u l d e i t h e r 
be p r e p a r e d by t h e u s e r from c h a r t s / c o n t o u r maps o f s t r e a m 
p arameters o r t h e d a t a f o r s p e c i f i c a r e a s c o u l d be 
i n c l u d e d i n a package f o r t h e a r e a l e a v i n g o n l y f a c t o r s 
such as t h e d a t e and n o d a l f a c t o r s t o be i n p u t by t h e 
u s e r . 
W i t h r e s u l t s from h i g h r e s o l u t i o n models h i g h q u a l i t y 
p r e d i c t i o n s c o u l d be a v a i l a b l e i n s e l e c t e d a r e a s . The 
c o m m e r c i a l a p p l i c a t i o n o f t h i s t e c h n i q u e i s worthy o f 
f u r t h e r c o n s i d e r a t i o n a l o n g w i t h t h e more g e n e r a l p r o b l e m s 
o f t h e p r e s e n t a t i o n o f t i d a l s t r e a m d a t a t o b o t h t h e 
r e c r e a t i o n a l and p r o f e s s i o n a l m a r k e t s . 
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Appendix 1 C a l c u l a t i o n and Methods 
A l . l S p r i n g - n e a p and V e l o c i t y shape f a c t o r s 
k^ .. S p r i n g - n e a p f a c t o r 
In i n i t i a l e s t i m a t e s o f t h e o u t p u t from a t i d e m i l l 
i t i s assumed t h a t t h e maximum st r e a m speed a t a neap t i d e 
i s 40% o f t h a t a t a s p r i n g t i d e , and t h a t t h e v a r i a t i o n i n 
between i s s i n u s o i d a l . 
i^then the mean o f t h e cubed v e l o c i t y i s g i v e n by;'j 
^n = 180 
/^cos"-'- (.4) 
cos ^(.4) 
cos-^ (A)dA 
^n = 180 { s i n ( 6 6 . 4 2 ) - sin"^ (66. 42) } fr66.42 
= 0.569 
k , V e l o c i t y shape f a c t o r s 
Fo r a s i n u s o i d a l s e m i - d i u r n a l c y c l e t h e mean o f t h e 
cubed v e l o c i t y i s g i v e n by; 
'T/2 
k =2 cos (A)dA 
^ n- 0 J ^ 
= 2Csinf''/2 - sin-^ (/T/2) 3 
IT 3 
= 0.4244 
A l . 1 
A l . 2 F u e l Replacement V a l u e 
To i l l u s t r a t e t h e method o f c a l c u l a t i o n , c o n s i d e r 
c a s e I I I , t h a t i s a u n i f o r m i n c r e a s e i n f o s s i l f u e l p r i c e 
o f 50% i n 25 y e a r s , a TDR o f 5% and a p r e s e n t c o s t o f f u e l 
t o produce 1 kWh o f 3.0p/kWh. 
The f o l l o w i n g t a b l e i s p r o d u c e d ; 
Year P r e s e n t v a l u e V a l u e o f 1 u n i t P r e s e n t va 
o f 1 u n i t o f o f money w i t h o f 1 u n i t 
money i n f l a t i o n money w i t h 
i n f l a t i o n 
1 0.9524 1.02 0.9715 
2 0.9070 1.04 0.9433 
3 0.8638 1.06 0.9156 
4 0.8226 1.08 0.8885 
5 0.7835 1.10 0.8622 
6 0.7462 1.12 0.8357 
7 0.7107 1.14 0.8102 
8 0.6768 1.16 0.7851 
9 0.6446 1.18 0.7606 
10 0.6139 1.20 0.7367 
11 0 .5847 1.22 0.7133 
12 0.5568 1.24 0.6904 
13 0.5303 1.26 0.6682 
14 0.5051 1.28 0.6456 
15 0.4810 1.30 0.6253 
16 0.4581 1.32 0.6047 
17 0.4363 1.34 0.5846 
18 0.4155 1.36 0.5651 
19 0.3957 1.38 0.5461 
20 0.3769 1.40 0.5277 
21 0.3589 1.42 0.5096 
22 0.3418 1.44 0.4922 
23 0.3256 1.46 0.4754 
24 0.3100 1.48 0.4588 
25 0.2953 1.50 0.4430 
Sum 14.0939 Sum 17.0603 
P r e s e n t v a l u e o f 1 u n i t o f money a t 5% TDR = (1 + r) 
where; i = y e a r number w i t h r e s p e c t t o a p a r t i c u l a r y e a r 
r = TDR. 
The v a l u e (1 + r) i s known as t h e d i s c o u n t f a c t o r f o r 
y e a r i and i s g i v e n t h e symbol f ^ ^ i n t h e p r e s e n t work. 
These v a l u e s a r e t a b u l a t e d i n many s t a n d a r d t e x t s , f o r 
example W i l k e s ( 8 3 ) . 
The p r e s e n t v a l u e o f a u n i t o f money p e r y e a r , i n f l a t e d a t 
t h e above u n i f o r m r a t e , o v e r 25 y e a r s = 17.0603. 
The f i n a n c i a l s a v i n g o f 1 kwh p e r y e a r f o r 25 y e a r s S^ .^, 
i s g i v e n by 
S^c = [ p r e s e n t c o s t o f f u e l t o g e n e r a t e 1 kWh] x 17.0603 
= 3 X 17.0603 p/kWh 
= 51.18 p/kWh 
A l . 2 
The f i n a n c i a l s a v i n g o v e r 25 y e a r s o f 1 kW r a t e d c a p a c i t y 
o f p l a n t p e r y e a r 8760 h o u r s , i s g i v e n by 
= S X 8760 X A X L 
where; 
A = a v a i l a b i l i t y o f t h e p l a n t 
L = (mean p o w e r ) / ( r a t e d power) 
and AxL = 0.3 ( C h a p t e r 3, s e c t i o n 3.5) 
S = 0.5118x8760x0.3 
^ = 1334 E/kW 
T h i s r e p r e s e n t s t h e c a p i t a l sum p e r kW o f r a t e d c a p a c i t y 
t h a t would be saved o v e r t h e l i f e o f a re n e w a b l e p l a n t , 
and i s t a k e n as t h e sum p e r kW o f r a t e d c a p a c i t y w h i c h 
c o u l d be i n v e s t e d i n t h e r e n e w a b l e p l a n t . 
As d i s c u s s e d i n t h e t e x t ( C h a p t e r 3, s e c t i o n 3.6), a 
c o n s t a n t c h a r g e r a t e i s c a l c u l a t e d t o i n d i c a t e the c o s t o f 
energy from t h e renewable o v e r t h e l i f e o f t h e p l a n t . The 
charge r a t e i s c a l c u l a t e d i n t h e same way as an a n n u i t y , 
X, w h i c h o v e r t h e l i f e o f t h e p l a n t w o u l d y i e l d a sum 
e q u a l t o t h e f i n a n c i a l s a v i n g o f 1 kWh p e r y e a r o v e r t h e 
p l a n t l i f e , i e . 
X = i=0 
N 
i=0 
w hich w i t h a TDR o f 5% g i v e s 
• d i 
X =C3 X 17.06033/14.0939 
=3.63 p/kWh 
T h i s c a l c u l a t i o n i n d i c a t e s i n v e s t m e n t l e v e l s o f 1334E/kW 
r a t e d and a c o n s t a n t c h a r g e r a t e f o r t h e energy from t h e 
renewable o f 3.6 3p/kWh. 
The above method i s r e p e a t e d f o r d i f f e r e n t r a t e s o f 
f u e l p r i c e r i s e t o g i v e t h e r e s u l t s f o r Cases I , I I , and 
I I I . 
F o r d i f f e r e n t payback p e r i o d s t h e same method i s 
f o l l o w e d f o r t h e a p p r o p r i a t e number o f y e a r s . 
A1.3 
A1.3 C o s t s by Analogy 
( i ) N a c e l l e 
Source o f d a t a M i l l e r and C o r r e n (1983) 
Components i n t h i s sub-system were; 
S t e e l s h e l l 
Forward end p l a t e 
A f t end p l a t e 
Bed p l a t e 
S e a l s 
F a i r i n g s 
T o t a l c o s t 
550$ 
650$ 
1000$ 
280$ 
300$ 
200$ 
2980$ 
S p e c i f i c c o s t 149$/kW 
Index f o r m a n u f a c t u r e d goods 19 83:85 was 115:119 
Exchange r a t e $/£ 1/0.692 (UN M o n t h l y B u l l e t i n o f 
S t a t i s t i c s , 8 6 ) 
E q u i v a l e n t UK p r i c e 107£/kW 
( i i ) O t her R o t a t i n g 
These i n c l u d e ; 
Low speed s h a f t 432$ 
B e a r i n g s 280$ 
C o u p l i n g 150$ 
T o t a l 8 62$ 
A p p l y i n g t h e same c o n v e r s i o n f a c t o r s as above g i v e s 
E q u i v a l e n t UK p r i c e 3l£/kW 
A1.4 
A l . 4 S t r u c t u r a l e s t i m a t e s 
( i ) G r a v i t y base 
The s t a t i c l o a d i n g o f p e r u n i t l e n g t h o f o f f s h o r e 
s t r u c t u r e s can be e s t i m a t e d , i n t h e f i r s t i n s t a n c e , by t h e 
a p p l i c a t i o n o f M o r i s o n ' s e q u a t i o n , w h i c h can be e x p r e s s e d 
i n t h e form; 
^1 = 
2 
= P ^1^1 WfTD du ( i ) 
° 2 ™ 4 d t 
where 
wave f o r c e p e r u n i t l e n g t h a c t i n g 
p e r p e n d i c u l a r t o t h e member 
d r a g f o r c e p e r u n i t l e n g t h 
F j i n e r t i a f o r c e p e r u n i t l e n g t h 
C_| d r a g c o e f f i c i e n t 
i n e r t i a c o e f f i c i e n t 
w'" d e n s i t y o f sea w a t e r 
D d i a m e t e r o f t h e c y l i n d e r 
u w ater p a r t i c l e v e l o c i t y normal t o t h e member 
The v a l u e s o f and C u s e d i n t h e p r e s e n t e s t i m a t e s 
were 0.7 and 2.0 r e s p e c t i v e l y . The s e l e c t i o n o f t h e s e 
v a l u e s i s r e f e r r e d t o i n t h e t e x t (Chapter 4, s e c t i o n 
4 . 5 ( i ) ) . They a r e assumed t o be c o n s t a n t s i n t h e f o l l o w i n g 
a n a l y s i s . 
The o r b i t a l v e l o c i t i e s and a c c e l e r a t i o n were o b t a i n e d 
from l i n e a r wave t h e o r y . The f o l l o w i n g e x p r e s s i o n s were 
used f o r t h e h o r i z o n t a l components o f v e l o c i t y and 
a c c e l e r a t i o n ; 
u = nn c o s h (k (z+d) ) c o s ( k x - a t ) . . . ( i i ) 
T s i n h ( k d ) 
a = 2a^H c o s h ( k ( z + d ) ) s i n ( k x - a t ) . . . ( i i i ) 
T^ s i n h ( k d ) 
where 
a h o r i z o n t a l a c c e l e r a t i o n 
d^ water d e p t h 
L w a v e l e n g t h 
z v e r t i c a l c o o r d i n a t e - p o s i t i v e upwards 
T wave p e r i o d 
H wave h e i g h t 
k wave nuit±)er 2 ii /L 
a a n g u l a r f r e q u e n c y 2 rr / T 
The t o t a l f o r c e on a member l e n g t h (z+d) i s g i v e n by, 
z 
F = 
-d^ 
F-j^  (z+d) dz 
A1.5 
F = /T^wD^HLCj^ s i n h ( k ( z + d ) ) s i n p t 
4T' s i n h ( k d ) 
+ n-wDH^LCp^ (2k(z+d) + s i n h ( 2k (z+d) ) 3 c o s ^ p t ( i v ) 
16T^ s i n h kd 
The moment a t t h e sea bed i s g i v e n by 
z 
M = 
-d' 
F(z+d)dz 
M = /iwD^HL^C m 
8T' 
{ k ( z + d ) s i n h ( k ( z + d ) ) - c o s h ( k ( z + d ) + l } s i n p t 
s i n h ( k d ) 
wDH^L^C. 
64T' 
C 2 k ^ ( z + d ) ^ + 2 k ( z + d ) s i n h ( 2 k ( z + d ) ) - c o s h ( 2 k ( z + d ) + 1 3 
2 
s i n h kd 
X c o s 2 p t , . . . (v) 
A f u l l d i s c u s s i o n o f t h e above e q u a t i o n s and the 
d e r i v a t i o n i s g i v e n by S o r e n s e n ( 7 8 ) . 
For a g i v e n wave c o n d i t i o n t h e d r a g f o r c e ( F Q) i s 
p r o p o r t i o n a l t o t o t h e d i a m e t e r o f t h e 2 S t r u c t u r e (D) and 
the i n e r t i a f o r c e i s p r o p o r t i o n a l t o D . F o r l a r g e 
d i a m e t e r s t r u c t u r e s t h e i n e r t i a f o r c e d o m i n a t e s , f o r p i l e 
l i k e s t r u c t u r e s b o t h d r a g and i n e r t i a f o r c e s b o t h r e q u i r e 
c o n s i d e r a t i o n . These two f o r c e s a r e 90 o u t o f phase, t o 
c a l c u l a t e t h e phase o f t h e maximum f o r c e i t i s n e c e s s a r y 
t o d i f f e r e n t i a t e M o r i s o n ' s e q u a t i o n and s o l v e f o r t h e 
phase. 
The phase o f t h e maximum f o r c e i s g i v e n by; 
s i n p t = 2C Dsinh2 kd m .... ( v i ) 
Cj^Hcoshk(d+z) 
The c o n d i t i o n s f o r a s t a b l e s t r u c t u r e a r e ; z e r o l a t e r a l 
f o r c e and z e r o t u r n i n g moment a t t h e base. To e s t i m a t e t h e 
s i z e o f g r a v i t y base s t r u c t u r e r e q u i r e d f o r t h e p r e s e n t 
a p p l i c a t i o n a number o f s i m i l a r c a l c u l a t i o n s , based on t h e 
above e q u a t i o n s , were p e r f o r m e d . The p r o c e d u r e i s 
i l l u s t r a t e d below. 
D e s i g n wave; h e i g h t = 20m, p e r i o d = 14s. 
Water d e p t h = 30m. 
(Bishop,84) 
Note 
T h i s c o n d i t i o n may prove t o o s e v e r e f o r t h e a c t u a l s i t e s 
s e l e c t e d , which may w e l l be s h e l t e r e d o r be i n a r e a s where 
the w a t e r d e p t h l i m i t s t h e maximum wave. Under t h e s e 
c i r c u m s t a n c e s s i t e s p e c i f i c d e s i g n and c o s t i n g would be 
r e q u i r e d . The f o l l o w i n g s h o u l d be seen as a g u i d e o n l y . 
A1.6 
From c o n s i d e r a t i o n s o f l i n e a r wave t h e o r y , 
L Q = gT^/2/T = 306m, and d/L^ = 0.098, 
where d = w a t e r depth and = deep w a t e r wave l e n g t h 
t h e n d/L = 0.1379 from s t a n d a r d t a b l e s , eg. W i e g e l ( 6 4 ) 
The s t r u c t u r e c o m p r i s e d a 30m d i a m e t e r base, 2m deep 
and a 1.5m d i a m e t e r t o w e r , 13m h i g h . 
F o r t h e tower t h e phase o f t h e maximum f o r c e was 
17.45 deg. F o r the base i t was assumed t h a t t h e i n e r t i a 
f o r c e dominated. 
L a t e r a l f o r c e on t h e s t r u c t u r e , F was g i v e n by; 
F = i n e r t i a f o r c e on t h e base + i n e r t i a f o r c e on t h e tower 
+ d r a g f o r c e on t h e tower 
From e q u a t i o n ( i v ) and t h e above v a l u e s , 
F = 5.98 X 10^ + 2.98 x lo"^ + 1.39 x 10^ 
= 6.147 X 10^ N 
From e q u a t i o n (v) t h e t o t a l moment a t t h e b a s e , M 
= 7.103 X 10^ Nm 
Moment a t t h e base due t o a 16m d e v i c e w i t h t h e b l a d e s 
p a r k e d = 15 x 10^ Nm 
The volume o f t h e s t r u c t u r e = 143 7m~^  
g i v i n g a submerged mass o f c o n c r e t e = 2.12 x 10^ kg 
The f r i c t i o n a l f o r c e r e s i s t i n g t h e l a t e r a l f o r c e i s g i v e n 
by the n o r m a l r e l a t i o n s h i p , t h e v a l u e o f t h e c o e f f i c i e n t 
o f f r i c t i o n i s u n c e r t a i n , f o r t h e p r e s e n t purpose a v a l u e 
o f 0.25 i s assumed. K e r r (85) recommends a v a l u e i n t h e 
range 0.25 - 0.3 f o r t h i s l e v e l o f c a l c u l a t i o n . 
F r i c t i o n a l f o r c e = 5.2 x 10 ^ N. T h i s v a l u e i s l e s s t h a n 
the l a t e r a l f o r c e ; w i t h a f r i c t i o n c o e f f i c i e n t o f 0.33 t h e 
f r i c t i o n a l f o r c e exceeds t h e l a t e r a l f o r c e . The p r e s e n t 
case i s b e s t c o n s i d e r e d t o be on t h e l i m i t o f 
a c c e p t a b i l i t y and some a d d i t i o n a l means o f r e s i s t i n g t h e 
l a t e r a l f o r c e w i l l be needed. , 
Moment due t h e mass o f t h e s t r u c t u r e = 30x9.81x2.12x10/6 
= 103x10^ Nm 
The w e i g h t i s adequate t o r e s i s t t h e t u r n i n g moment due t o 
the s t r u c t u r e and d e v i c e . 
A1.7 
I t s h o u l d be n o t e d t h a t t h i s c a l c u l a t i o n i s f o r t h e 
purposes o f c o s t i n g o n l y , more d e t a i l e d c o n s i d e r a t i o n 
would be r e q u i r e d a t t h e d e s i g n s t a g e , f o r example see 
K e r r ( 8 3 ) 
( i i ) C o s t i n g 
The c o s t o f marine s t r u c t u r e can be e s t i m a t e d b ased 
on t h e w e i g h t o f s t r u c t u r a l c o n c r e t e r e q u i r e d . In t h e 
above s t r u c t u r e t h e tower was t a k e n t o be 100% c o n c r e t e 
and t h e base 50% c o n c r e t e and b a l l a s t . These p r o p o r t i o n s 
d e r i v e from d i s c u s s i o n s w i t h K e r r ( 8 5 ) . _ 
The t o t a l volume o f c o n c r e t e f o r c o s t i n g i s 740m . ^ 
The c o s t was t h e c a l c u l a t e d u s i n g a v a l u e o f 400£/m . 
T h i s f i g u r e was t h e t o p o f t h e range (320-400) recommended 
by K e r r ( 8 5 ) . 
A l l o w i n g a c o n t i n g e n c y o f 30%, g i v e s c o s t o f £385,000. 
( i i i ) M o n o p i l e 
As d i s c u s s e d i n t h e main t e x t t h i s was c o s t e d on t h e 
b a s i s o f t h e deployment c o s t s o f t h e v e s s e l r e q u i r e d f o r 
i n s t a l l a t i o n . D i s c u s s i o n w i t h Land and M a r i n e L t d . , 
L i v e r p o o l , ( W i l l i s , 8 5 ) i n d i c a t e d t h a t a m o n o p i l e o f l e s s 
t h a n 2m d i a m e t e r would p r o v e adequate based on t h e v a l u e s 
o f maximum f o r c e and moment c a l c u l a t e d f o r t h e g r a v i t y 
base s t r u c t u r e . F o r t h i s s i z e o f s t r u c t u r e s t a n d a r d 
equipment and t e c h n i q u e s would prove s a t i s f a c t o r y . 
The c o s t i s d e r i v e d i n t h e t e x t . 
The above v i e w was s u p p o r t e d by two o t h e r s p e c i a l i s t 
c o n t a c t e d d u r i n g t h i s s t a g e o f t h e work (Budge,85. and 
H o s k i n s , 8 5 ) . 
A1.8 
Appendix 2 Low c o s t s u r v e y 
I n t r o d u c t i o n 
P r o v i s i o n f o r a l i m i t e d s u r v e y had been made 
i n t h e o r i g i n a l budget f o r t h e p r e s e n t work. 
I n i t i a l d i s c u s s i o n w i t h t h e Department o f 
H y d r o g r a p h i c S u r v e y i n g a t P lymouth P o l y t e c h n i c s u g g e s t e d 
t h a t measurement o f t i d a l s t r e a m v e l o c i t i e s t h r o u g h t h e 
water column c o u l d be a c h i e v e d u s i n g e x i s t i n g equipment 
and s t a f f . A t a more d e t a i l e d s t a g e o f p l a n n i n g t h e t r u e 
c o s t s o f such a s u r v e y were c o n s i d e r e d , and t h e s e r a p i d l y 
exceeded t h e funds a v a i l a b l e . The major i t e m s , whose c o s t s 
were n o t f u l l y a p p r e c i a t e d , were t h o s e a s s o c i a t e d w i t h 
t r a n s p o r t o f equipment and a d d i t i o n a l s t a f f c h a r g e s . The 
c o n f i d e n c e e x p r e s s e d by t h e i n t e r n a l p r o f e s s i o n a l s 
c o n c e r n e d p r o v e d t o u n w a r r a n t e d . The c o l l a b o r a t i o n w i t h 
t h i s Department was abandoned. 
A second s u r v e y was p l a n n e d , u s i n g a s i n g l e c u r r e n t 
meter w h i c h c o u l d be d e p l o y e d a t any w a t e r d e p t h . No 
s p e c i a l t r a n s p o r t arrangements were r e q u i r e d f o r t h i s 
equipment. The aim was t o use a l o c a l l y c h a r t e r e d v e s s e l , 
the s k i p p e r and two o t h e r s making t h e t o t a l complement f o r 
the s u r v e y . 
P r i o r t o t h e s u r v e y t h e problems o f o p e r a t i o n , a t one 
o f t h e p r o p o s e d s i t e s , were d i s c u s s e d d u r i n g a v i s i t t o 
A l d e r n e y . No i n s u r m o u n t a b l e d i f f i c u l t i e s were a n t i c i p a t e d . 
The v a l u e o f s h o r t v i s i t s t o "see" p o t e n t i a l s i t e s from 
the sea s h o u l d n o t be under e s t i m a t e d . K e e p i n g s t a t i o n i n 
a 2m/s s t r e a m c l o s e t o t h e c o a s t i s a f u l l t i m e o c c u p a t i o n 
f o r a s k i l l e d seaman. The magnitude o f t h i s t a s k a l o n e 
s e r v e s t o p u t the problems o f any a c t i v i t y i n a marine 
environment i n t o p e r s p e c t i v e . 
Survey 
In o r d e r t o g a i n some q u a l i t a t i v e i n s i g h t i n t o t h e 
s p r i n g - n e a p v a r i a t i o n a two week s u r v e y p e r i o d was 
p l a n n e d . The aim was t o t a k e measurements a t b o t h a s p r i n g 
and a neap t i d e a t two s i t e , one o f f J e r s e y and the o t h e r 
o f f A l d e r n e y . Thus d a t a were r e q u i r e d a t h o u r l y i n t e r v a l s 
e x t e n d i n g o v e r two s e m i - d i u r n a l c y c l e s , about 25 h o u r s . 
On t h e a d v i c e o f t h e s k i p p e r o f t h e c h a r t e r v e s s e l 
t h e s e p l a n s were abandoned. S a f e t y c o n s i d e r a t i o n s 
i n d i c a t e d t h a t w i t h t h e manpower a v a i l a b l e 25 hour p e r i o d s 
o f o b s e r v a t i o n c o u l d n o t be a t t e m p t e d . I t i s w o r t h n o t i n g 
t h a t t h e i n t e n t i o n o f t h e s u r v e y had been made c l e a r t o 
the s k i p p e r i n advance o f t h e s u r v e y , h i s judgement was 
made on e x a m i n a t i o n o f t h e p r o p o s e d s i t e s and on more 
d e t a i l e d c o n s i d e r a t i o n o f t h e equipment t o u s e d . In 
r e g i o n s where t h e s t r e a m v e l o c i t i e s were l e s s , no 
o b j e c t i o n s would have been r a i s e d . 
The aim was, a g a i n m o d i f i e d , and c o n c e n t r a t i o n was 
c e n t r e d on a t t e m p t i n g t o measure t h e v e r t i c a l p r o f i l e o f 
the c u r r e n t a t a number o f p o s i t i o n s o f f t h e n o r t h e a s t 
c o a s t o f J e r s e y . 
Measurement o f c u r r e n t a t a number o f d e p t h s t h r o u g h 
the w a t e r column were o b t a i n e d a t one l o c a t i o n o ver an 
e i g h t hour p e r i o d o f a s p r i n g t i d e . S e v e r a l s i t e s were t o 
have been i n v e s t i g a t e , however equipment f a i l u r e s e r i o u s l y 
r e d u c e d t h e work t h a t c o u l d be a t t e m p t e d . No work was 
c a r r i e d o u t o f f A l d e r n e y . 
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I t i s c l e a r , from t h e problems e n c o u n t e r e d , b o t h i n 
the p l a n n i n g s t a g e s and t h e i m p l e m e n t a t i o n , t h a t t h e 
p r e s e n t approach t o s u r v e y work i s l e s s t h a n s a t i s f a c t o r y . 
The most v a l u a b l e a s p e c t o f t h i s s u r v e y was 
e x p e r i e n c e g a i n e d o f t h e d i f f i c u l t i e s a s s o c i a t e d w i t h 
marine measurement, and i n t h i s r e s p e c t r e p r e s e n t s money 
w e l l s p e n t . Problems o f m a i n t a i n i n g t h e v e s s e l on s t a t i o n 
were n o t t r i v i a l , d e s p i t e a l m o s t p e r f e c t c o n d i t i o n s and a 
most e x p e r i e n c e d s k i p p e r . The changes i n bottom topography 
which m i g h t have been e x p e r i e n c e d even w i t h r e l a t i v e l y 
s m a l l changes i n p o s i t i o n were s u f f i c i e n t t o b r i n g t h e 
r e s u l t s o b t a i n e d i n t o q u e s t i o n . In a d d i t i o n t h e i n f l u e n c e 
o f t h e v e s s e l on n e a r s u r f a c e measurements cannot be 
o v e r l o o k e d . 
The p r o f i l e s o b t a i n e d a r e shown i n F i g A2.1. Some o f 
the c h a r a c t e r i s t i c s e x p e c t e d a r e o b s e r v e d b u t f o r t h e 
reason s o u t l i n e d above no f i r m c o n c l u s i o n can be drawn 
from t h e s e measurements. 
I t i s c l e a r t h a t s u r v e y work c a n n o t be t r e a t e d 
c a s u a l l y and c a r e f u l p l a n n i n g and t h e a l l o c a t i o n o f 
adequate funds i s r e q u i r e d . 
Any p r o s p e c t o f u s i n g t h i s t y p e o f a p p r o a c h f o r s i t e 
s e l e c t i o n s h o u l d be d i s c o u n t e d . Survey work, when 
e v e n t u a l l y u n d e r t a k e n , r e q u i r e s t h e use o f purpose 
s e l e c t e d r i g s d e p l o y e d w i t h p r o f e s s i o n a l a s s i s t a n c e . 
The c o s t o f such measurements c o u l d o n l y be j u s t i f i e d 
when some c o n f i d e n c e i n t h e a r e a s s e l e c t e d has been g a i n e d 
and a f t e r t h e r e s u l t s o f n u m e r i c a l models have been 
examined a l o n g w i t h a l l o t h e r a v a i l a b l e d a t a . The l e v e l o f 
c o s t s f o r s u r v e y work have been i n d i c a t e d i n C h a p t e r 4. 
D u r i n g t h e c o s t i n g e x e r c i s e d i s c u s s i o n s w i t h a 
comme r c i a l s u p p l i e r o f s u r v e y equipment and s t a f f 
c o n f i r m e d t h e v i e w t h a t s u r v e y r e q u i r e s t h e i n v o l v e m e n t o f 
p r o f e s s i o n a l s t a f f , b o t h a t a p l a n n i n g s t a g e and a t 
i m p l e m e n t a t i o n . 
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Appendix 3 The v e r t i c a l s t r u c t u r e o f t i d a l streams 
A3.1 I n t r o d u c t i o n 
The d e p t h o f deployment o f t i d e m i l l s , 
a t a p a r t i c u l a r l o c a t i o n , i s d e t e r m i n e d p r i m a r i l y by 
e n g i n e e r i n g and e n v i r o n m e n t a l f a c t o r s , i n c l u d i n g t h e need 
t o ; 
( i ) a c h i e v e an a c c e p t a b l e d e s i g n c o n d i t i o n , i e . 
t o m i n i m i s e exposure t o extreme wave l o a d i n g . 
( i i ) l i m i t t h e i n f l u e n c e o f s u r f a c e e f f e c t s d u r i n g 
r o u t i n e o p e r a t i n g c o n d i t i o n s . 
( i i i ) m a i n t a i n ( i i ) a t a l l s t a t e s o f t h e t i d e 
( i v ) reduce the r i s k o f i n t e r f e r e n c e w i t h o t h e r 
sea u s e r s . 
I n the Normano-Breton G u l f p o t e n t i a l s i t e s e x i s t i n 
water d e p t h s i n the range 20 t o 70m, w i t h t i d a l ranges up 
t o 9m, p r e l i m i n a r y c o n s i d e r a t i o n i n d i c a t e s t h a t the 
c e n t r e l i n e o f t y p i c a l d e v i c e s ( r o t o r d i a m e t e r s up t o 
20m) would be p o s i t i o n e d a t about mid-water depth. 
D e t a i l s o f the v e r t i c a l s t r u c t u r e a r e r e q u i r e d i n 
o r d e r t o ; 
( i ) examine the v a l i d i t y o f u s i n g d e p t h averaged 
v e l o c i t i e s f o r t h e e s t i m a t i o n o f power o u t p u t 
from t i d e m i l l s 
( i i ) d e t e r m i n e t h e most s u i t a b l e d e p t h o f 
deployment o f c u r r e n t m e t e r s f o r f u t u r e 
s u r v e y work. C u r r e n t meter o b s e r v a t i o n s a r e 
c o n f i n e d t o a l i m i t e d number o f f i x e d 
p o s i t i o n s i n t h e w a t e r column, the 
r e q u i r e m e n t e x i s t s t o c o n s t r u c t c o n t i n u o u s 
p r o f i l e s from such d a t a . 
( i i i ) f u t u r e e s t i m a t i o n o f f a t i g u e l o a d s , s h o u l d a 
f u l l d e s i g n be c o n s i d e r e d . 
( i v ) g i v e an i n d i c a t i o n o f maintenance c o n d i t i o n s . 
W i t h the above i n mind a r e v i e w o f t h e methods 
a v a i l a b l e f o r t h e a n a l y s i s and m o d e l l i n g v e r t i c a l 
s t r u c t u r e was u n d e r t a k e n . 
P r e c i s e m o d e l l i n g o f t h e v e r t i c a l s t r u c t u r e o f t i d a l 
f l o w s i s complex and as y e t no f u l l y comprehensive scheme 
has been d e v e l o p e d w h i c h i s b r o a d l y a p p l i c a b l e . A 
complete s t u d y would i n v o l v e c o n s i d e r a t i o n o f such t o p i c s 
as boundary l a y e r t h e o r y , v a r i a t i o n o f v e r t i c a l eddy 
v i s c o s i t y , bottom f r i c t i o n and t u r b u l e n t energy c l o s u r e 
schemes, each w i t h i t s a s s o c i a t e d - u n c e r t a i n t i e s 
( P r a n d l e , 8 2 a . Bowden,78). 
A3.1 
I n r e a l i t y t h e m arine boundary l a y e r w i l l combine 
f e a t u r e s o f s e v e r a l i d e a l i s e d f l o w s . S o u l s b y ( 8 3 ) 
i d e n t i f i e s seven t y p e s o f o u t e r l a y e r , i n t h e c o n t e x t o f 
s h e l f s e a s , and p r e s e n t s an a n a l y s i s o f e a ch i n terms o f 
an eddy v i s c o s i t y , w h i c h i s t a k e n t o v a r y l i n e a r l y w i t h 
water d e p t h . In each case a d i s c u s s i o n o f t h e c u r r e n t 
s t r u c t u r e and t u r b u l e n c e i s p r e s e n t e d w i t h r e f e r e n c e t o 
the o b s e r v a t i o n a l d a t a a v a i l a b l e . 
The above p r e s c r i p t i o n o f eddy v i s c o s i t y p r oduces a 
range o f p o s s i b l e v e r t i c a l s t r u c t u r e s w h i c h i n d i c a t e , 
q u a l i t a t i v e l y a t l e a s t , t h e c h a r a c t e r i s t i c s o f r e a l 
f l o w s . More complex models a r e r e v i e w e d by K n i g h t ( 7 8 ) . 
A t t e m p t s t o d e r i v e t h e eddy v i s c o s i t y d i r e c t l y remain a t 
an e a r l y s t a g e o f development ( P r a n d l e , 8 2 b ) . The 
u n c e r t a i n t i e s a s s o c i a t e d w i t h t h e s p e c i f i c a t i o n of eddy 
v i s c o s i t y a l s o p r e s e n t an o b s t a c l e t o t h e g e n e r a l 
a p p l i c a t i o n o f t h r e e d i m e n s i o n a l n u m e r i c a l models 
(Heaps,84). Recent n u m e r i c a l models, (Davies,86) have 
i n c l u d e d t h e e f f e c t s o f v e r t i c a l s t r u c t u r e t h r o u g h t h e 
a p p l i c a t i o n o f t h e G a l e r k i n method ( D a v i e s , 7 9 ) . In t h i s 
method t h e v e r t i c a l s t r u c t u r e i s r e p r e s e n t e d by b a s i s 
s e t s o f e i t h e r c o s i n e f u n c t i o n s o r p o l y n o m i a l s . T h i s t y p e 
of model i s sometimes r e f e r r e d t o as "super 
t w o - d i m e n s i o n a l " . The c o m p u t a t i o n a l r e q u i r e m e n t s o f such 
schemes e x c l u d e s them from f u r t h e r c o n s i d e r a t i o n i n t h e 
p r e s e n t c o n t e x t . 
A3.2 S e l e c t i o n o f a s i m p l i f i e d t e c h n i q u e 
The most w i d e l y d i s t r i b u t e d form o f boundary l a y e r 
on t h e c o n t i n e n t a l s h e l f i s d e s c r i b e d as 
o s c i l l a t o r y - p l a n e t a r y , i n w h i c h b o t h t h e o s c i l l a t i n g and 
r o t a t i o n a l n a t u r e o f t h e f l o w a r e combined. In the 
r e s u l t i n g boundary l a y e r b o t h t h e phase and t h e d i r e c t i o n 
v a r y w i t h h e i g h t , g i v i n g r i s e t o time-dependent v e e r i n g . 
The e x t e n t t o w h i c h t h i s b e h a v i o u r r e q u i r e s e x a m i n a t i o n , 
i n t h e p r e s e n t c o n t e x t , depends on t h e w a t e r depth i n a 
p a r t i c u l a r a r e a r e l a t i v e t o t h e p o t e n t i a l t h i c k n e s s o f 
the boundary l a y e r . I n s h a l l o w seas t h e c o n d i t i o n can 
e x i s t where th e water d e p t h i s i n s u f f i c i e n t f o r the 
boundary l a y e r t o d e v e l o p f u l l y . Under t h e s e c o n d i t i o n s 
the growth o f t h e boundary l a y e r i s r e s t r i c t e d and t h e 
whole o f t h e w a t e r column i s t u r b u l e n t . G e n e r a l f e a t u r e s , 
such as v e e r i n g and phase l a g , s t i l l e x i s t b u t t o a 
l e s s e r e x t e n t . R e s u l t s from a n u m e r i c a l s t u d y produced by 
R . F l a t h e r , the a n a l y s i s o f w h i c h i s p r e s e n t e d by 
S o u l s b y ( 8 3 ) , i n d i c a t e t h a t t h e boundary l a y e r i n t h e 
Normano-Breton G u l f i s d e p t h l i m i t e d . Thus f o r the 
p r e s e n t p u r p o s e , r a t h e r t h a n s e l e c t a complex model, 
which may y i e l d o n l y q u a l i t a t i v e l y v a l i d r e s u l t s and 
i n t r o d u c e a d d i t i o n a l u n c e r t a i n t i e s , a o n e - d i m e n s i o n a l 
approach ( P r a n d l e , 8 2 a ) i s adopted. U s i n g t h e r e s u l t s o f 
t h i s work a s e r i e s o f v e r t i c a l p r o f i l e s w h i c h might be 
e x p e c t e d i n t h e Normano-Breton G u l f were examined. 
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A3.3 V e r t i c a l P r o f i l e s 
The p r o f i l e s a r e c h a r a c t e r i s e d by 
the d i m e n s i o n l e s s group known as t h e S t r o u h a l number. 
T h i s i s g i v e n by t h e e x p r e s s i o n ; 
S = U T/D 
where U = t h e a m p l i t u d e o f t h e d e p t h a v e r a g e v e l o c i t y 
T = t h e p e r i o d o f t h e t i d a l o s c i l l a t i o n 
D = w a t e r d e p t h 
The a m p l i t u d e and phase s t r u c t u r e i s t h e n t a k e n f rom 
F i g A3.1, below. 
These c u r v e s a r e d e r i v e d u s i n g t h e i n t e r m e d i a t e 
v a r i a b l e s J and Y i n t h e e x p r e s s i o n ; 
Y J = 3fl^/4kS 
w i t h Y = (w/E)-^/^ D and J =3 ft(Ew) ^/8kU 
where w = t h e f r e q u e n c y o f t h e t i d a l o s c i l l a t i o n 
k = i s a f r i c t i o n c o n s t a n t (0.0025) 
E = i s a c o n s t a n t eddy v i s c o s i t y 
The v a l u e o f eddy v i s c o s i t y u sed by P r a n d l e was 
c a l c u l a t e d from; 
E = aU _^D, based on Bowden (53 ) . z—o 
The c o n s t a n t a was t a k e n t o be 0.0012, a g a i n a f t e r 
Bowden. 
The r e s u l t s o f t h e n u m e r i c a l scheme i n d i c a t e t h a t 
the the range o f S t r o u h a l number i n t h e r e g i o n are as 
f o l l o w s ; 
Lower l i m i t o f S = 700, based on a minimum u s e f u l 
v e l o c i t y o f Im/s i n a w a t e r d e p t h o f 65m, and an upper 
l i m i t o f ^ 
S = 7x10 based on a maximum v e l o c i t y o f 4m/s i n a w a t e r 
depth o f 20m. 
U s i n g t h e c u r v e s P r a n d l e ' s r e s u l t s t h e p r o f i l e s i n 
F i g A3.2 were c o n s t r u c t e d . 
As can be seen t h e d i s t r i b u t i o n o f v e l o c i t y o v e r a 
s u b s t a n t i a l p o r t i o n o f t h e f l o w i s e s s e n t i a l l y c o n s t a n t . 
L i t t l e v a r i a t i o n i s i n d i c t e d o v e r t h e c e n t r a l p o r t i o n o f 
the water column. T h i s i s p a r t i c u l a r l y t r u e f o r the 
h i g h e r v a l u e s o f S t r o u h a l number. T h i s s i m p l e approach 
l e a d s t o the c o n c l u s i o n t h a t f o r power o u t p u t e s t i m a t e s 
depth a v e r a g e d f l o w v e l o c i t i e s a r e r e a s o n a b l e . 
A t e c h n i q u e t o d e t e r m i n e t h e most s u i t a b l e p o s i t i o n 
f o r t h e deployment o f c u r r e n t m e t e r s , based on t h e above 
i s g i v e n by P r a n d l e ( 8 2 ) . 
A3.3 
A3.1 V e r t i c a l s t r u c t u r e - phase and a m p l i t u d e 
A3.4 
A3.5 
Appendix 4 P r e p a r a t i o n o f Depth D a t a . 
The t a s k o f d a t a p r e p a r a t i o n was c a r r i e d o ut o v e r a 
p e r i o d from September 1985 t o May 1986. The t o t a l e f f o r t 
f o r t h e Normano-Breton G u l f was about 300 man h o u r s , and 
i n v o l v e d the a u t h o r . D r . K . J . George and two s t u d e n t s 
engaged on f i n a l y e a r p r o j e c t s . 
Data from f i n e r mesh models was a v e r a g e d and i n c l u d e d 
i n t h e c o a r s e r mesh d a t a . The t e c h n i q u e s employed and t h e 
problems e n c o u n t e r e d a r e o u t l i n e d below. 
A d e t a i l e d r e p o r t o f t h i s a c t i v i t y was p r e p a r e d by 
M r . S . A l l e n . (Department o f M a r i n e S c i e n c e , Plymouth 
P o l y t e c h n i c , 3rd Year P r o j e c t r e p o r t , 8 6 ) . 
A4.1 C h a r t Coverage 
A c o m b i n a t i o n o f A d m i r a l t y and F r e n c h 
c h a r t s was u s e d , t h e f u l l c o v e r a g e i s shown i n F i g A4.1. 
(French c h a r t s a r e denoted / / ) . 
The d i s t r i b u t i o n o f d e p t h d a t a p l a c e s a l i m i t a t i o n 
on t h e e x t e n t o f t h e a r e a s t h a t can be m o d e l l e d a t a 
p a r t i c u l a r s c a l e . 
A4.2 Mesh S i z e s 
As s t a t e d i n t h e t e x t t h e Z - p o i n t s were 
l o c a t e d a t t h e i n t e r s e c t i o n o f l i n e s o f l a t i t u d e and 
l o n g i t u d e , t h e g r i d l i n e s were spaced so as t o produce an 
a l m o s t square mesh a t each s c a l e . 
The mesh d i m e n s i o n s and model s c a l e s were as f o l l o w s ; 
G r i d NM L a t i t u d i n a l L o n g i t u d i n a l 
10 10 min 15 min 
2 2 min 3 min 
0.4 0.4 min 0.6 min 
To e x t r a c t the d e p t h d a t a g r i d s , o f t h e a p p r o p r i a t e 
s i z e , were drawn onto t h e c h a r t s and t h e mean depth 
c a l c u l a t e d from t h e soundings e n c l o s e d by t h e g r i d l i n e s . 
F o r ease o f h a n d l i n g d a t a was a r r a n g e d i n b l o c k s lONM 
square. 
A4 .3 D e n s i t y o f s o u n d i n g s 
Two t y p e s o f problem a r e a e x i s t ; 
( i ) a r e a s where t h e d a t a was l e s s dense t h a n t h e g r i d 
s p a c i n g ; t h a t i s g r i d s q u a r e s where no s o u n d i n g o c c u r r e d , 
u s u a l l y deep w a t e r a r e a s . In r e g i o n s c l o s e t o t h e f i n e 
mesh a r e a s t h i s imposed a r e s t r i c t i o n on t h e coverage o f 
t h e s e models. 
T h i s i s i l l u s t r a t e d i n F i g A4.2, t h e a r e a t o t h e e a s t 
o f Guernsey can n o t be r e a l i s t i c a l l y m o d e l l e d a t a f i n e 
s c a l e . 
A4.1 
( i i ) a r e a s where s o u n d i n g s were v e r y d e n s e , c l o s e t o 
c o a s t l i n e s . I n such a r e a s c o n s i d e r a b l e v a r i a t i o n i n 
i n t e r p r e t a t i o n i s p o s s i b l e and c a r e was r e q u i r e d t o 
a c h i e v e c o n s i s t e n t e s t i m a t e s . 
2NM Mesh 
An example o f a 2NM g r i d s q u are i s shown i n F i g A4.3. 
As can be seen th e a r e a c o n t a i n s a l a r g e number of 
s o u n d i n g s . These d a t a has t o r e d u c e d t o a s i n g l e f i g u r e 
p e r square u s i n g an a v e r a g i n g t e c h n i q u e . To ensure t h a t 
each o f t h e i n d i v i d u a l s i n v o l v e d a d o p t e d t h e same 
t e c h n i q u e ; a s o u n d i n g on t h e edge o f a s quare was g i v e n a 
w e i g h t i n g o f one and a c e n t r a l v a l u e a w e i g h t o f two. 
Depth c o n t o u r s , where t h e y e x i s t e d , were u s e d as a 
boundary f o r t h e w e i g h t t o be a p p l i e d t o e i t h e r s i d e o f 
t h e l i n e . The w e i g h t i n g b e i n g p r o p o r t i o n a l t o t h e a r e a 
e n c l o s e d by t h e c o n t o u r . 
0.4 NM Mesh 
In deeper w a t e r r e g i o n s w e l l o f f s h o r e where s o u n d i n g s 
d i d n o t o c c u r i n each square d e p t h s were e s t i m a t e d by 
l i n e a r i n t e r p o l a t i o n from a d j a c e n t v a l u e s . 
In d e n s e l y c o v e r e d a r e a s t h e s o u n d i n g s were a v e r a g e d 
a c c o r d i n g t o a s i m p l e w e i g h t i n g system. 
The symbols used on A d m i r a l t y c h a r t s a r e d e s c r i b e d i n 
d e t a i l i n A d m i r a l t y P u b l i c a t i o n 5011, Symbols and 
A b b r e v i a t i o n s . 
A4.4 D r y i n g H e i g h t s 
A l l d e p t h s on t h e c h a r t s a r e g i v e n i n 
metres (or fathoms) below c h a r t datum, and s i n c e d r y i n g 
h e i g h t s a r e g i v e n as v a l u e s above c h a r t datum, t h e s e a r e 
i n c l u d e d i n any a v e r a g i n g p r o c e s s as n e g a t i v e v a l u e s . 
Some a r e a s r e q u i r e c a r e f u l c o n s i d e r a t i o n , f o r example 
the a r e a o f l i e s Chausey F i g 4.4.' Here h e i g h t have t o 
i n f e r r e d from t h e n e a r e s t d a t a v a l u e , w i t h r e f e r e n c e t o 
o t h e r " c l u e s " , f o r example t h e n a t u r e o f t h e " l a n d " o r 
sea bed. Sand i s assumed t o be below r o c k and r o c k y a r e a s 
t e n d t o i n c r e a s e i n h e i g h t towards t h e l a n d , a r e j u s t two 
o f t h e c o n d i t i o n s imposed i n c a s e s o f s q u a r e s where no 
soundings a r e found. 
A4.5 Land 
H e i g h t s f o r l a n d a r e g i v e n i n metres above MHWS 
so t o be i n c l u d e d i n t h e average would have t o be 
c o r r e c t e d f o r t i d a l h e i g h t . I t i s c l e a r however t h a t s u c h 
a method would l e a d t o an o v e r e s t i m a t i o n o f t h e l a n d 
a r e a . I f i n a c o a s t l i n e s q u a r e t h e l a n d c o v e r a g e i s l e s s 
t h a n 50% t h i s was c o n s i d e r e d t o be a "water" square and 
t h e d e p t h used was t h e a v e r a g e o f t h e s o u n d i n g s . I f t h e 
l a n d coverage exceeded 50% t h e whole square was deemed 
l a n d . The r e s o l u t i o n o f Guernsey on t h e 2NM and 0.4 NM 
mesh i s shown i n F i g 4.5. 
A4.2 
A4.6 Data s t o r a g e and and h a n d l i n g 
I t i s c l e a r t h a t w i t h 
such l a r g e q u a n t i t i e s o f d a t a t h e t r a n s f e r from c h a r t s t o 
computer s t o r a g e i s e x t r e m e l y e r r o r p r o n e . To reduce t h e 
p o s s i b i l i t y o f e x c e s s i v e e r r o r s t h e d a t a was i n p u t t o t h e 
computer by two p e o p l e , one r e a d i n g t h e d a t a from t h e 
c h a r t and the o t h e r t y p i n g t h e d a t a . A check a t t h e t i m e 
o f e n t r y was made. The d a t a were f r e q u e n t l y p r i n t e d o u t 
f o r v i s u a l i n s p e c t i o n . The f o r m a t o f t h e o u t p u t was 
a r r a n g e d i n g e o g r a p h i c a l l y i d e n t i f i a b l e b l o c k s t o ease 
com p a r i s o n w i t h c h a r t s . D e s p i t e t h e s e p r e c a u t i o n s some 
e r r o r s i n d e p t h f i l e s were n o t d e t e c t e d u n t i l an advanced 
s t a g e o f t h e work, on o c c a s i o n s b e i n g t h e s o u r c e o f 
i n s t a b i l i t i e s i n a model r u n . Some e r r o r became a p p a r e n t 
when de p t h d a t a was av e r a g e d t o produce i n p u t f o r c o a r s e r 
models,when o b v i o u s l y i n c o n s i s t e n t v a l u e s were o b s e r v e d . 
A4.3 
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Appendix 5 I n p u t f i l e s f o r Guernsey model 
BCEH - Boundary c o n d i t i o n s E a t H - p o i n t s 
I J 
M, M, 
E m g ° L E m g ° L E m g ° L 
GCCZ - C o a s t l i n e c o d e s , a t Z - p o i n t s 
HNW/E 
HSW/E 
CNW/E 
CSW/E 
SCW/E/N/S 
LLL 
BBB 
- h e a d l a n d n o r t h w e s t / e a s t 
- h e a d l a n d s o u t h w e s t / e a s t 
- c o r n e r n o r t h w e s t / e a s t 
- c o r n e r s o u t h w e s t / e a s t 
- s t r a i g h t c o a s t l i n e 
- l a n d 
- boundary 
GHDH - Depths a t H - p o i n t s - m 
Swathes, from NW c o r n e r o f model 
A5 .1 
M2 M4 Me 
1 
2 
J 
1 
E 4 g |E \ R \E \o 
2 .276173 .8^ .020 J3 . 00 . 0195237 . 4 
2 2 2 .280174 .00 .020 31 .00 .019237 .0 
2 3 2 .284174 .20 .020 27 .20 .019236 .6 
2 4 2 .288174 .40 .021 23 .40 .019236 .2 
2 S 2 .292174 .60 .021 19 .60 .019235 .8 
2 6 2 .296174 .80 .022 15 .80 .019235 .4 
2 7 2 .300175 .00 .022 12 .00 .019235 .0 
2 8 2 .304175 .20 .023 7 .80 .019237 .8 
2 9 2 .308174 .40 .024 3 .60 .019240 .6 
2 10 2 .312175 .60 .02435 9 .40 .020243 .4 
2 11 2 .316175 .80 .025355 .20 .020246 .2 
2 12 2 .320176 .00 .026351 .00 .020249 ,0 
2 13 2 .322176 .20 .027347 .80 .020249 .0 
2 14 2 .324176 .40 .028344 .60 .019249 .0 
2 15 2 .326176 .60 .029341 .40 .019249 .0 
2 16 2 ,328176 .80 .030338 .20 .018249 .0 
2 17 2 .330177 .00 .031335 .00 .019249 .0 
2 18 2 .334177 .40 .032331 .40 .017251 .6 
2 19 2 .338177 .80 .033327 .80 .016254 .2 
2 20 2 .342178 .20 .033324 .20 .016256 .8 
2 21 2 .346178 .60 .034320 .60 .015259 .4 
2 22 2 . 3 5 0 1 7 9 . 0 0 . 0 3 5 3 1 7 . 0 0 . 0 1 4 2 6 2 . 0 
2 23 2 .352179 .20 .035315 .40 .014260 .8 
2 24 2 , 3 5 4 1 7 9 . 4 0 . 0 3 5 3 1 3 . 8 0 . 0 1 3 2 5 9 . 6 
2 25 2 .356179 .60 .036312 .20 .013258 .4 
2 26 2 .358179 .80 .036310 .60 .012257 .2 
2 27 2 ,360180 .00 .036309 .00 .012256 .0 
2 28 2 .358180 .20 .035311 .00 .012258 .2 
2 29 2 .356180 .40 .034313 .00 .012260 .4 
2 30 2 . 3 5 4 1 8 0 . 6 0 . 0 3 3 3 1 5 , 0 0 . 0 1 3 2 6 2 . 6 
2 31 2 , 352180 .80 .032317 .00 .013264 .8 
2 32 2 .350181 .00 .031319 .00 .013267 .0 
2 33 2 ,342181 ,20 .032323 .00 .014272 .8 
2 34 2 , 3 3 4 1 8 1 . 4 0 . 0 3 4 3 2 7 . 0 0 . 0 1 6 2 7 8 . 6 
2 35 2 .326181 ,60 .035331 .00 .017285 .4 
2 36 2 ,318181 ,80 .037335 .00 .019290 .2 
2 37 2 , 3 1 0 1 8 2 , 0 0 . 0 3 8 3 3 9 . 0 0 . 0 2 0 2 9 6 . 0 
2 38 2 .316182 ,20 .042334 .40 .021299 .4 
2 39 2 , 3 2 2 1 8 2 , 4 0 . 0 4 7 3 2 9 . 8 0 . 0 2 3 3 0 2 . 8 
2 40 2 ,328182 ,60 ,051325 ,20 .024306 .2 
2 41 2 . 3 3 4 1 8 2 . 8 0 . 0 5 6 3 2 0 . 6 0 . 0 2 6 3 0 9 . 6 
2 42 2 , 3 4 0 1 8 3 , 0 0 , 0 6 0 3 1 6 . 0 0 . 0 2 7 3 1 3 . 0 
2 43 2 .348183 .20 .063316 .00 .027313 .8 
2 44 2 , 3 5 6 1 8 3 . 4 0 . 0 6 6 3 1 6 , 0 0 . 0 2 7 3 1 4 . 6 
2 45 2 ,364183 .60 .070316 ,00 .027315 .4 
2 46 2 ,372183 .80 .073316 .00 .027316 .2 
2 47 2 ,380184 .00 .076316 .00 .027317 .0 
2 48 2 .388184 .20 .077317 .00 .027316 .2 
2 49 2 .396184 .40 .077318 .00 .027315 .4 
2 50 2 . 4 0 4 1 8 4 . 6 0 . 0 7 8 3 1 9 . 0 0 . 0 2 8 3 1 4 . 6 
2 51 2 , 4 1 2 1 8 4 . 8 0 . 0 7 8 3 2 0 . 0 0 . 0 2 8 3 1 3 . 8 
2 52 2 .420185 .00 .07 9321 .00 .028313 .0 
2 53 2 .430185 .20 .081321 .80 .029131 .0 
2 54 2 .440185 .40 .083322 .60 .030313 .0 
2 55 2 .450185 .60 .084323 .40 .030313 .0 
2 56 2.4 60185.80 .08 6333 .20 .031313 .0 
2 57 2 .470186 .00 .088325 .00 .032313 .0 
2 58 2.47 818 6.20.08932 4.8 0 .033312.4 
2 59 2 .486186 .40 .0 90324 .60 .0 34311.2 
2 60 2 .494186 .60 .0 92324 .40 .0 34311.2 
2 61 2.50218 6 .80 .0 93322.20 .0 35310.6 
2 62 2 .510187 .00 .0 94 324 .00 .03 6310.0 
2 63 2 .520187 .20 .0 9532 3 .80 .037310 .2 
2 64 2 . 5 3 0 1 8 7 . 4 0 . 0 9 6 3 2 3 . 6 0 . 0 37 310.4 
2 65 2 .540187 .60 .0 98323 .40 .038310 .6 
2 66 2.55018 7 . 80.09932 3 .20 .038 310 . 8 
A5,2 
2 67 2 . 5 5 0 1 8 8 . 0 0 . 1 0 0 3 2 3 . 0 0 . 0 3 9311.0 
2 68 2 .570188 .20 .100322 .80 .040311 .2 
42 1 2 . 6 6 0 1 6 9 . 0 0 . 0 1 1 3 2 2 . 0 0 . 0 3 7 2 3 3 . 0 
42 2 2 . 6 6 0 1 6 9 . 0 0 . 0 1 1 3 2 3 . 0 0 . 0 3 7 2 3 3 . 0 
42 3 2 . 6 6 0 1 6 9 . 2 0 . 0 1 2 2 2 1 . 4 0 . 0 3 7 2 3 4 . 6 
42 4 2 .660169 .40 .017219 .80 .037236 .2 
42 5 2 .660169 .60 .015218 .20 .037237 .8 
42 6 2 .660169 .80 .017215 .60 .037239 .4 
42 7 2 . 6 8 0 1 7 0 . 0 0 . 0 1 8 3 1 5 . 0 0 . 0 3 7 2 4 1 . 0 
42 8 2 .686170 .20 .020313 .60 .037242 .8 
42 9 2 . 6 9 2 1 7 0 . 4 0 . 0 2 1 3 1 2 . 2 0 . 0 3 7 2 4 4 . 6 
42 10 2 .698170 .60 .023310 .80 .037246 .2 
42 11 2 ,704170 .80 .024309 .40 ,037248 .2 
42 12 2 . 7 1 0 1 7 1 . 0 0 . 0 2 6 3 0 8 . 0 0 . 0 3 7 2 5 0 . 0 
42 13 2 , 7 1 4 1 7 1 , 2 0 . 0 2 7 3 0 7 . 6 0 . 0 3 7 2 5 1 . 6 
42 14 2 . 7 1 8 1 7 1 . 4 0 . 0 2 9 3 0 7 . 6 0 . 0 3 7 2 5 1 . 6 
42 15 2 .722171 .60 ,030307 .40 .038252 .4 
42 16 2 ,726171 .80 .032307 .20 .038255 .2 
42 17 2 . 7 3 0 1 7 2 . 0 0 , 0 3 3 3 0 7 . 0 0 . 0 3 8 2 5 4 . 0 
42 18 2 ,736172 .20 ,034307 ,60 .038255 .2 
42 19 2 ,742172 .40 .036308 .20 ,039256 .4 
42 20 2 , 7 4 8 1 7 2 . 6 0 , 0 3 7 3 0 8 . 8 0 . 0 3 9 2 5 7 . 6 
42 21 2 .754172 .80 .039309 .4 0 .040258.8 
42 22 2 . 7 6 0 1 7 3 . 0 0 . 0 4 0 3 1 0 . 0 0 . 0 4 0 2 6 0 . 0 
42 23 2 . 7 6 6 1 7 3 . 2 0 , 0 4 1 3 0 9 . 6 0 . 0 4 0 2 6 1 . 0 
42 24 2 . 7 7 2 1 7 3 . 4 0 . 0 4 3 3 0 9 . 7 0 . 0 4 0 2 6 2 . 0 
42 25 2 . 7 7 8 1 7 3 . 6 0 . 0 4 4 3 0 8 . 8 0 , 0 4 1 2 6 3 . 0 
42 26 2 .784173 .80 ,04 6308,40 ,0412 64.0 
42 27 2 , 7 9 0 1 7 4 . 0 0 , 0 4 7 3 0 8 . 0 0 , 0 4 1 2 6 5 . 0 
42 28 2 , 7 9 4 1 7 4 . 2 0 . 0 4 9 3 0 7 . 6 0 , 0 4 1 2 6 4 . 4 
42 29 2 ,798174 .40 ,051307 ,20 ,041263 .8 
42 30 2 , 8 0 2 1 7 4 . 6 0 . 0 5 2 3 0 6 , 8 0 , 0 4 0 2 6 3 . 2 
42 31 2 . 8 0 6 1 7 4 . 8 0 , 0 5 4 3 0 6 . 4 0 . 0 4 0 2 6 2 . 6 
42 32 2 , 8 1 0 1 7 5 . 0 0 . 0 5 6 3 0 6 , 0 0 , 0 4 0 2 6 2 . 0 
42 33 2 . 816175 . 20 . 058305 . 60 . 040262 . 2 
42 34 2 . 8 8 2 1 7 5 . 4 0 , 0 5 9 3 0 5 . 2 0 , 0 4 0 2 6 2 , 4 
42 35 2 .828175 .60 .0 61304 .80 .041262 ,6 
42 36 2 , 8 3 4 1 7 5 , 8 0 , 0 6 2 3 0 4 . 4 0 , 0 4 1 2 6 2 . 8 
42 37 2 , 8 4 0 1 7 6 . 0 0 . 0 6 4 3 0 4 . 0 0 , 0 4 1 2 6 3 . 0 
42 38 2 , 8 4 6 1 7 6 . 2 0 , 0 6 6 3 0 4 . 0 0 . 0 4 1 2 6 2 . 4 
42 39 2 , 8 5 2 1 7 6 . 4 0 , 0 6 8 3 0 4 . 0 0 . 0 4 1 2 6 1 . 8 
42 40 2 , 858176 . 60 , 070304 , 00 . 042261 . 2 
42 41 2 , 8 6 4 1 7 6 , 8 0 , 0 7 1 3 0 4 . 0 0 . 0 4 2 2 6 0 . 6 
42 42 2 . 8 7 0 1 7 7 . 0 0 . 0 7 3 3 0 4 . 0 0 . 0 4 2 2 6 0 . 0 
42 43 2 . 8 7 6 1 7 7 , 2 0 , 0 7 5 3 0 4 . 2 0 . 0 4 2 2 5 9 . 6 
42 44 2 . 882177 . 40 . 077304 . 40 . 041259 . 2 
42 45 2 . 8 8 8 1 7 7 . 6 0 . 0 7 8 3 0 4 . 6 0 . 0 4 1 2 5 8 . 8 
42 46 2 , 8 9 4 1 7 7 . 8 0 . 0 8 0 3 0 4 . 8 0 . 0 4 0 2 5 8 . 4 
42 47 2 , 9 0 0 1 7 8 . 0 0 . 0 8 2 3 0 5 . 0 0 . 0 4 0 2 5 8 . 0 
42 48 2 , 9 0 4 1 7 8 . 2 0 . 0 8 4 3 0 4 . 2 0 . 0 4 0 2 5 7 . 8 
42 49 2 . 9 0 8 1 7 8 . 4 0 . 0 8 6 3 0 3 . 4 0 . 0 4 1 2 5 7 . 6 
42 50 2 .912178 .60 .088302 .60 .041257 .4 
42 51 2 .916178 .80 .090301 .80 .042257 .2 
42 52 2 . 9 2 0 1 7 9 . 0 0 . 0 9 2 3 0 1 . 0 0 . 0 4 2 2 5 7 . 0 
42 53 2.92 6179 .20 .095301 .20 .04325 6.8 
42 54 2 .932179 .40 .0 98301.40 .04425 6.6 
42 55 2 .938179 .60 .100301 .60 .04525 6.4 
42 56 2 . 9 4 4 1 7 9 . 8 0 . 1 0 3 3 0 1 . 8 0 . 0 4 6256.2 
42 57 2 .950180 .00 .10 6302.00 .04725 6.0 
42 58 2 .958180 .00 .108 301 .60 .047255 .8 
42 59 2 . 9 6 6 1 8 0 . 0 0 . 1 1 0 3 0 1 . 2 0 . 0 4 7 2 5 5 . 6 
42 60 2 . 9 7 4 1 8 0 . 0 0 . 1 1 1 3 0 0 . 8 0 . 0 4 8 2 5 5 . 4 
42 61 2 .982180 .00 .113300 .40 .04 8255.2 
42 62 2.99018 0 . 0 0 . 1 1 5 3 0 0 . 0 0 . 0 4 8 2 5 5 . 0 
42 63 2 .998180 .20 .116299 .8 0.05025 3.6 
42 64 3 .006180 .40 .117299 .60 .051252 .2 
A5 . 3 
42 65 3 .014180 .60 .119299 .40 .053250 .8 
42 66 3.022180.80 .1202 94 .20 .054249 .4 
42 67 3 .030181.00 .1212 99 .00 .0562 48.0 
42 68 3 .038182 .00 .128301 .00 .058246 .4 
1 2 2 .270174 .20 .020 31 .00 .019237 .0 
2 2 2 .280174 .00 .020 31 .00 .019237 .0 
3 2 2 .290173 .80 .020 29 .80 .020237 .2 
4 2 2 .300173 .60 .019 28 .60 .020237 .4 
5 2 2 .310173 .40 .019 2 7 . 4 0 . 0 2 1 2 3 7 . 6 
6 2 2 .320173 .20 .018 26 .20 .021237 .8 
7 2 2 .330173 .00 .018 25 .00 .020238 .0 
8 2 2 .340173 .00 .018 23 .80 .021237 .6 
9 2 2 .350173 .00 .018 22 .60 .022237 .2 
10 2 2 ,360173 .00 .017 21 .40 .022236 .8 
11 2 2 .370173 .00 .017 20 .20 ,023236 .4 
12 2 2 .380173 ,00 ,017 19 .00 .024236 .0 
13 2 2 .390172 .80 .017 18 .80 .024236 .8 
14 2 2 .400172 ,60 .016 18 .60 .025237 .6 
15. 2 2 ,410172 ,40 .016 18 ,40 .025238 .4 
16 2 2 .420172 ,20 .015 18 .20 .026239 .2 
17 2 2 .430172 ,00 .015 18 .00 .026240 .0 
18 2 2 .440171 .80 ,015 16 ,00 .027239 .6 
19 2 2 .450171 .60 ,015 14 .00 ,027239 .2 
20 2 2 .460171 ,40 .014 12 ,00 .028238 .8 
21 2 2 ,470171 ,20 ,014 10 .00 .028238 .4 
22 2 2 .480171 .00 .014 8 .00 .029238 .0 
23 2 2 .490171 .00 .014 5 .60 .029238 .2 
24 2 2 .500171 .00 .013 3 .20 .029238 .4 
25 2 2 .510171 ,00 ,013 0 .80 ,030238 .6 
26 2 2 ,520171 ,00 ,012358 ,40 ,030238 .8 
27 2 2 ,530171 ,00 ,012356 .00 ,030239 .0 
28 2 2 ,538170 .80 .012352 ,80 ,031239 .4 
29 2 2 ,546170 ,60 .012349 .60 .031239 .8 
30 2 2 .554170 .40 .01134 6 .40 ,032240 .2 
31 2 2 ,562170 ,20 .011343 .20 ,032240 .6 
32 2 2 .570170 .00 .011340 .00 .033241 .0 
33 2 2 ,578170 ,00 .011335 .80 .033240 .2 
34 2 2 .586170 .00 .011331 ,60 .039239 .4 
35 2 2 .594170 .00 .011337 .40 ,034238 .6 
36 2 2 ,602170 ,00 .011333 .20 ,035237 .8 
37 2 2 .610170 .00 .011319 .00 ,035237 .0 
38 2 2 ,620169 ,80 ,011319 ,80 ,035236 .2 
39 2 2 ,630169 ,60 ,011320 .60 .036235 .4 
40 2 2 , 6 4 0 1 6 9 , 4 0 . 0 1 1 3 2 1 . 4 0 . 0 3 6 2 3 4 . 6 
41 2 2 ,650169 ,20 .011322 .20 .037233 .8 
42 2 2 .660169 .00 .011323 .00 .037233 .0 
43 2 2 .670168 ,80 .011323 .00 .040232 .8 
1 67 2 .550189 .00 .102323 .00 .039313 .0 
2 67 2 .550188 ,00 ,102323 .00 .039311 .0 
3 67 2 .550187 .80 .102322 .60 .03930 9.6 
4 67 2 .555187 .60 .102322 .20 .039308 .2 
5 67 2 .560187 .40 .102321 .80 .03930 6.8 
6 67 2 .568187 .20 .102321 .40 .039305 .4 
7 67 2 .620187 .00 .102321 .00 .039304 .0 
8 67 2 .672186 .80 .102320 .40 .040303 .4 
9 67 2 .724186 .60 .102319 .80 .040302 .8 
10 67 2 .776186 .40 .102319 .20 .041302 .2 
11 67 2.82818 6 . 2 0 . 1 0 2 3 1 8 . 6 0 . 0 4 1 3 0 1 . 6 
12 67 2.880186.00.102318.00 .042301.0 
13 67 2 .852185 .80 .102317 .60 .042300 .4 
14 67 2 .824185 .60 .101317 .20 .043299 .8 
15 67 2.7 96185.4 0 .101316 .80 .043299 .2 
16 67 2.7 68185 .20 .100316 .40 .0442 89.6 
17 67 2 .740185.00.100316.00 .0442 98.0 
18 67 2 .752184 .80 .0 99315 .80 .044296 .6 
19 67 2.7 64184.60.0 99315.60 .04 4295.2 
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20 67 2 .776184 .40 .100315 .40 .045293 .8 
21 67 2 .788184 .20 .099315 .20 .045292 .4 
22 67 2 .800184 .00 .099315 .00 .045291 .0 
23 67 2 .808183 .80 .099314 .60 .045289 .8 
24 67 2 .816183 .60 .099313 .20 .045288 .6 
25 67 2 .824183 .40 .098312 .80 .046287 .4 
26 67 2 .832183 .20 .098312 .40 .046286 .2 
27 67 2 .840183 .00 .098312 .00 .046285 .0 
28 67 2 .850183 .00 .098311 .00 .046233 .6 
29 67 2 .860183 .00 .098310 .00 .046282 .2 
30 67 2 .870183 .00 .098309 .00 .045280 .8 
31 67 2 .880183 .00 .098308 .00 .045289 .4 
32 67 2 .890183 .00 .098307 .00 .045278 .0 
33 67 2 .902182 .80 .099305 .80 .045276 .6 
34 67 2 .914182 .60 .101304 .60 .045275 .2 
35 67 2 .926182 .40 .103303 .40 .046273 .8 
36 67 2 .938182 .20 .104302 .20 .046272 .4 
37 67 2 .950182 .00 .106301 .00 .046271 .0 
38 67 2 .966181 .80 .109300 .60 .048266 .4 
39 67 2 .982181 .60 .112300 .20 .050261 .8 
40 67 2 .998181 .40 .115299 .80 .052257 .2 
41 67 3 .014181 .20 .118299 .40 .054252 .6 
42 67 3 .030181 .00 .121299 .00 .056248 .0 
42 68 3 .040180 .80 .124289 .40 .058248 .0 
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Appendix 6 
T i d a l Stream A t l a s e s 
Streams a r e r e f e r r e d t o HW S t H e l i e r , 182 °L 
J e r s e y mean s p r i n g t i d e 
S c a l e : 1mm = 1.23 k t (0.62m/s) 
Guernsey mean s p r i n g t i d e 
S c a l e : 1mm = 1.04 k t (0.52m/s) 
A l d e r n e y mean s p r i n g t i d e 
S c a l e : 1mm = 1.1 k t (0.55m/s) 
Land squares a r e i n d i c a t e d by:- ^ 
D r y i n g s q u a r e s a r e i n d i c t e d by:- [HT 
N.B. The s c a l e s o f t h e t i d a l streams was d e t e r m i n e d by t h e 
r e q u i r e m e n t t o produce t h e p l o t s f o r A4 paper. 
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Appendix 7 S i t e / a r e a P r o f i l e s 
A7.1 J e r s e y 
The a r e a s d i s p l a y i n g t h e maximum power o u t p u t , 
f o r a mean s p r i n g t i d e , a r e shown i n t h e f o l l o w i n g 
f i g u r e s . The a r e a s a r e s e l e c t e d on t h e grounds o f ; 
( i ) J l and J 2 , maximum power o u t p u t p e r g r i d 
s q u a re o f about lOOkW, o r more, t a b l e s A7.1 
and A7.2. 
( i i ) J3 and J 4 , s i t e d i s p l a y i n g a p h a s e - l a g s o f 
about 90° r e l a t i v e t o J l and J 2 , 
r e s p e c t i v e l y . 
I t s h o u l d be s t r e s s e d t h a t t h i s second group o f s i t e s , i n 
g e n e r a l have a much lo w e r p o t e n t i a l power o u t p u t , i n some 
cas e s below t h a t w h i c h m i g h t be u s e f u l . 
The r e l a t i v e p o s i t i o n s o f each o f t h e a r e a s c o n s i d e r e d 
a r e shown i n F i g 10.1 i n t h e t e x t . 
V a l u e s o f power o u t p u t a r e g i v e n i n t a b l e s A7.1 t o 
A7.4. 
E l l i p s e p r o p e r t i e s a r e g i v e n i n t a b l e s A7.5 t o A7.8. 
These a r e f o r a mean s p r i n g t i d e . 
The n o t a t i o n f o r t h e t a b l e s o f power d a t a and 
s e m i - d i u r n a l e l l i p s e p r o p e r t i e s i s as f o l l o w s ; 
I , J - g r i d c o o r d i n a t e s 
Pms - maximum power o v e r a mean s p r i n g t i d e 
Pmean - mean power o v e r a mean s p r i n g - n e a p c y c l e 
EMA2 - s e m i - a x i s m a j o r , cm/s 
ESF2 - shape f a c t o r , % ^ 
E0R2 - o r i e n t a t i o n o f the s e m i - a x i s major, t r u e 
EPL2 - p h a s e - l a g o f maximum s t r e a m , l u n a r 
J 
I 
36 37 38 39 40 41 42 43 44 45 4 
13 + + + + + + + 
14 + + + + + + + + 
15 + + + + + + + 
16 + + + + + 
17 + + + + + 
18 + + + + 
19 + 
B l o c k (13, 36) , (19,46) 
SE c o r n e r 49°13 .80N 1°59 40W, NW c o r n e r 49°17. 2 ON 2°4.80W 
F i g A7.1 J l , L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
A7. 1 
J 11 12 13 14 
I 
17 + 
18 + + + + 
19 + + + 
20 + 
B l o c k (17,111, (20,14) 
SE c o r n e r 49°14.40N 2°19.20W 
F i g A7.2 J 2 , L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
J 19 20 
I 
12 + + 
13 + + 
14 + 
B l o c k (12,19), (14,20) 
SE c o r n e r 49 16.80N 2 15.00W 
F i g A7.3 J 3 , L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
J 24 25 26 27 28 
I 
6 + + 
7 + + 
8 + + 
9 + + + 
10 + + 
II + + + 
12 + + 
13 + + 
14 + 
B l o c k ( 6 , 2 4 ) . (14,28) o 
SE c o r n e r 49 16.80N 2^9.60W, NW c o r n e r 49 20.00N 2 11.40W 
F i g A7.4 J 4 , L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
A7.2 
Pms Pmean 
I J kW kW 
f .a f .a 
13 36 110 56 
37 113 58 
38 128 66 
39 136 71 
40 131 68 
41 122 64 
42 112 58 
14 36 120 61 
37 132 67 
38 141 73 
39 146 75 
40 141 74 
41 134 71 
42 120 63 
43 115 6 0 
44 102 55 
15 38 112 56 
39 149 76 
40 168 87 
41 159 83 
42 151 80 
43 134 71 
44 120 64 
16 40 133 69 
41 179 94 
42 184 97 
43 151 81 
44 154 82 
45 115 61 
17 42 185 98 
43- 174 93 
44 164 88 
45 149 80 
46 103 55 
18 43 136 73 
44 138 75 
45 137 73 
46 114 61 
19 45 101 55 
T a b l e A7.1 Power o u t p u t A r e a J l 
R o t o r d i a m e t e r 
m 
20 
17 
17 
18 
18 
18 
18 
20 
20 
20 
18 
17 
18 
18 
17 
18 
18 
18 
18 
18 
17 
17 
18 
17 
19 
18 
18 
20 
18 
17 
18 
20 
20 
17 
15 
17 
18 
18 
16 
A7.3 
Pms Pmean R o t o r d i a m e t e r 
I J kW kW m 
m. a f .a m. a f .a 
17 13 96 92 49 48 20 
18 11 100 95 50 48 20 
12 112 108 57 56 20 
13 135 131 71 69 20 
14 114 111 61 60 16 
19 11 114 109 57 55 20 
12 125 121 65 63 20 
13 139 136 74 72 20 
20 12 100 86 52 47 20 
m. a. - moving a x i s d e v i c e 
f .a. - f i x e d a x i s d e v i c e 
T a b l e A7.2 Power o u t p u t A r e a J2 
Pms Pmean R o t o r d i a m e t e r 
I J kW kW m 
m. a f .a m. a f .a 
12 19 46 40 22 20 20 
20 32 27 14 12 20 
13 19 54 49 25 23 20 
20 35 33 15 14 20 
14 19 52 50 25 24 20 
m.a. - moving a x i s d e v i c e 
f . a . - f i x e d a x i s d e v i c e 
T a b l e A7.3 Power o u t p u t A r e a J3 
A7.4 
Pms 
I J kw 
m.a f . a 
6 24 28 18 
25 30 21 
7 24 28 18 
25 30 23 
8 24 19 14 
25 22 17 
9 24 6 4 
25 9 6 
26 15 11 
10 26 10 6 
27 14 11 
11 26 12 10 
27 14 12 
28 18 15 
12 27 19 18 
28 21 20 
13 27 21 20 
28 25 24 
14 27 10 10 
m.a. - moving a x i s d e v i c e 
f . a . - f i x e d a x i s d e v i c e 
Pmean R o t o r d i a m e t e r 
kW m 
m.a f . a 
12 7 20 
13 9 20 
11 7 19 
13 9 19 
8 5 14 
9 7 15 
2 1 6 
3 2 9 
7 5 15 
4 2 12 
6 4 15 
5 4 14 
6 5 15 
8 6 16 
8 7 18 
9 8 18 
8 8 20 
10 9 20 
4 4 19 
T a b l e A7.4 Power o u t p u t A r e a J4 
A7.5 
EMA2 ESF2 EPL2 EOR 
I J 
13 36 163 -8 76 117 
37 180 -7 74 118 
38 186 -6 73 117 
39 187 -5 72 116 
40 184 -5 71 116 
41 177 -6 70 118 
42 171 -7 70 121 
14 36 166 -4 74 117 
37 173 -4 74 116 
38 177 -4 73 115 
39 187 -4 72 115 
40 192 -4 71 117 
41 186 -5 70 119 
42 180 -6 69 120 
43 180 -7 69 122 
44 172 -8 67 125 
15 38 171 -1 72 116 
39 189 -1 71 116 
40 196 -2 70 117 
41 190 -4 69 119 
42 195 -5 68 121 
43 190 -6 68 124 
44 180 -7 68 125 
16 40 187 0 68 117 
41 194 -2 67 121 
42 204 -4 67 121 
43 191 -6 67 124 
44 182 -6 67 126 
45 175 -7 67 127 
17 42 208 -3 64 124 
43 198 -6 65 127 
44 183 -6 66 128 
45 179 -7 67 129 
46 172 -7 68 127 
18 43 197 -6 61 133 
44 186 -7 64 132 
45 178 -7 66 133 
46 171 -7 67 131 
19 45 173 -8 62 140 
T a b l e A7.5 E l l i p s e P r o p e r t i e s f o r a r e a J l 
A7.6 
EMA2 ESF2 EPL2 E0R2 
I J 
17 13 155 -19 197 20 
18 11 157 -23 203 15 
12 164 -20 201 15 
13 174 -17 200 14 
14 184 -15 198 13 
19 11 164 -23 206 10 
12 170 -20 205 8 
13 176 -16 203 8 
20 12 157 -22 207 6 
Ta b l e A7 .6 E l l i p s e P r o p e r t i e s f o r a r e a J2 
EMA2 ESF2 EPL2 E O R ; 
I J 
12 19 118 -36 168 54 
20 105 -36 156 67 
13 19 126 -26 163 57 
20 110 -25 151 70 
14 19 125 -18 160 57 
Ta b l e A7 . 7 E l l i p s e P r o p e r t i e s f o r a r e a J3 
EMA2 ESF2 EPL2 E O R : 
I J 
6 24 85 -77 119 99 
25 89 -68 104 113 
7 24 91 -70 124 95 
25 94 -62 105 112 
8 24 99 -54 129 90 
25 100 -53 107 109 
9 24 111 -60 127 91 
25 98 -62 107 111 
26 90 -60 99 117 
10 26 84 -67 122 87 
27 88 -58 106 102 
11 26 93 -42 127 81 
27 90 -44 117 88 
28 93 -42 106 97 
12 27 94 -26 117 86 
28 97 -27 109 92 
13 27 89 -13 115 85 
28 95 -14 108 89 
14 27 71 -4 110 82 
Ta b l e A7 . 8 E l l i p s e P r o p e r t i e s f o r a r e a J4 
A7 . 7 
Al.2 Guernsey 
As w i t h J e r s e y a r e a s a r e f i r s t s e l e c t e d on 
the b a s i s o f maximum power o u t p u t , s i t e s d i s p l a y i n g a bout 
lOOkW o r more. T h i s r e s u l t s i n t h e i d e n t i f i c a t i o n o f t h e 
s i t e s G l , G2, G3, G4 and G5, t h e e x t e n t , model c o o r d i n a t e s 
and g e o g r a p h i c a l l o c a t i o n s a r e shown i n F i g A7.5 t o A7.9. 
Areas a r e the n l o c a t e d showing s u i t a b l e p h a s e - l a g s , a r e a s 
G6a, G6b, G7, G8, and G9, t h e s e a r e shown i n F i g A7.10 t o 
A7.12. Power o u t p u t c h a r a c t e r i s t i c s a r e g i v e n i n T a b l e s 
A7.9 t o A7.14. The e l l i p s e p a r a m e t e r s a r e g i v e n i n T a b l e s 
A7.15 t o A7.20. 
J 49 50 51 52 53 54 55 56 57 58 5 
I 
6 + + + + + + 
7 + + + + + + 
8 + + + + + + 
9 + + + + + + 
10 + + + + + + 
11 + + + + + + 
12 + + + + + + 
13 + + + + + + 
14 + + + + + + 
15 + + + + + + + 
16 + + + + + + + 
17 + + + + + + + 
18 + + + + + + 
19 + + + + + + 
20 + + + + + 
L o c a t i o n o f b l o c k (6,49), (20,59) 
SE c o r n e r 49° 25.60N 2° 21W, NW co r n e r 49° 31.20N 2°27.90W 
F i g A7.5, Gl L o c a t i o n o f Z-points - model c o o r d i n a t e s . 
A7.8 
J 22 23 24 25 26 27 
I 
7 + + + 
8 + + + + 
9 + + + + + 
10 + + + + + 
B l o c k ( 7 , 2 2 ) , (10,27) 
SE c o r n e r 49° 29.60N 2°40.20W, NW c o r n e r 49° 30.SON 
2°43.20W 
F i g A7.6, G2 L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
J 19 20 21 22 23 24 
I 
12 + + + 
13 + + + + + + 
14 + + + 
15 + + + 
16 + 
B l o c k (12,19), (16,24) 
SE c o r n e r 49°27.20N 2°42.60W, NW c o r n e r 49°28.80N 2°45.00W 
F i g A7.7 G3, L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
J 41 42 
I 
22 + + 
23 + 
B l o c k ; (22,42), (23,42) 
SE c o r n e r ; 49°24.80N 2°31.20W 
F i g A7.8 G4, L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s . 
A7.9 
J 60 61 62 
I 
19 + 
20 + + 
21 + + 
22 + + + 
23 + + 
Block (19,60), (23,62) 
SE c o r n e r 49°24.00N 2°19.20W, NW c o r n e r 49°26.80N 2°17.40W 
F i g A7.9 G5, L o c a t i o n o f Z-points - model c o o r d i n a t e s . 
17 18 19 20 21 22 23 24 25 26 2-
+ + + + 
+ + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + + + 
+ + + + + + + + + + 
+ + + + + + + + 
28 29 30 31 32 33 34 35 36 
+ + + + + + + + + 
+ + + + + + + + + 
+ + + + + + 
J 
I 
22 
23 
24 
25 
26 
27 
28 
J 
I 
22 
23 
24 
25 + + 
26 
Block (17, 22) , (28, 36) 
SE corner 49°22.40N 2° 34.80W, NW c o r n e r 49°24.80N 
2°42.60W 
F i g A7.10 G6, L o c a t i o n of Z - p o i n t s - model c o o r d i n a t e s . 
A7.10 
J 43 44 45 
I 
4 + + 
5 + + 
6 + 
B l o c k ( 4 , 4 3 ) , (7,45) 
SE c o r n e r 49°31.20N 2°29.40W, NW c o r n e r 49°30.40N 2°30.00W 
F i g A7.11 G7, L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s 
J 23 24 25 J 60 
I I 
19 + + + 16 + 49°22.80N 2°26.40W 
20 + + + 
B l o c k (19,23), (20,25) 
SE c o r n e r 49°25.60N 2°41.40W 
F i g A7.12 G8, G9 L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s 
A7 .11 
Pms Pmean R o t o r d i a m e t e r 
I J kw kW m 
m.a f . a m. a f . a 
6 54 141 116 77 65 19 
55 149 129 81 71 20 
56 134 114 72 62 20 
57 118 95 61 51 20 
58 101 77 51 40 20 
59 87 63 42 32 20 
7 54 102 85 56 48 14 
55 172 152 94 84 20 
56 146 126 78 69 20 
57 126 104 66 55 20 
58 106 82 53 43 20 
59 89 66 44 34 20 
8 54 97 87 53 46 13 
55 184 162 100 90 20 
56 150 132 80 71 20 
57 126 105 65 56 20 
58 104 82 53 43 20 
59 88 66 44 34 20 
9 53 101 90 57 51 13 
54 117 102 64 57 14 
55 194 174 104 95 20 
56 156 138 82 73 20 
57 125 106 64 55 20 
58 100 80 50 41 20 
59 85 64 42 33 20 
10 53 137 121 75 68 16 
54 173 152 93 83 20 
55 167 151 88 81 20 
56 151 134 77 70 20 
57 127 109 64 55 20 
58 98 80 49 40 20 
11 53 156 144 85 79 20 
54 154 142 81 75 20 
55 157 133 81 68 20 
56 147 110 74 55 20 
57 125 77 62 39 20 
58 94 54 47 28 20 
12 52 100 99 55 55 16 
53 176 172 95 93 20 
54 179 172 94 91 20 
55 164 155 84 80 20 
56 143 132 72 67 20 
57 117 105 57 51 20 
13 52 186 185 100 100 18 
53 227 225 122 121 20 
54 193 190 101 99 20 
55 161 155 82 79 20 
56 131 124 65 62 20 
57 100 91 49 44 20 
14 51 143 143 76 76 15 
52 268 267 144 144 20 
53 233 232 124 123 20 
54 187 185 97 96 20 
55 152 148 77 75 20 
56 122 117 60 58 20 
15 50 99 52 15 
51 228 123 20 ..cont 
A7.12 
c o n t ,. 
52 200 108 20 
53 194 102 20 
54 171 88 20 
55 140 71 20 
56 112 55 20 
16 50 121 65 20 
51 164 88 20 
52 186 98 20 
53 200 104 20 
54 174 90 20 
55 151 77 20 
56 128 64 20 
17 49 139 73 19 
50 186 97 20 
51 170 90 20 
52 178 93 20 
53 214 111 20 
54 212 109 20 
55 169 86 20 
18 49 136 70 20 
50 197 102 20 
51 187 98 20 
52 175 91 20 
53 213 109 20 
54 242 123 19 
19 49 112 57 20 
50 152 79 20 
51 162 84 20 
52 148 75 20 
53 140 71 20 
54 l i s 59 15 
20 49 90 57 20 
50 112 65 20 
51 128 59 20 
52 116 37 20 
m.a. - moving a x i s d e v i c e 
f . a . - f i x e d a x i s d e v i c e 
T a b l e A7.9 Power o u t p u t A r e a G l 
A7. 13 
Pms Pmean R o t o r d i a m e t e r 
I J kW 
f . a 
kW 
f . a 
m 
7 23 101 48 20 
24 108 52 20 
25 105 51 20 
8 23 100 48 20 
24 113 55 20 
25 115 57 20 
26 99 50 20 
9 22 104 50 20 
23 105 51 20 
24 110 55 20 
25 126 64 20 
26 120 62 20 
10 23 100 49 20 
24 96 49 20 
25 112 58 20 
26 132 69 20 
27 103 55 20 
T a b l e A7.10 Power o u t p u t A r e a G2 
Pms Pmean R o t o r d i a m e t e r 
I J kW kW m 
f . a f . a 
12 19 98 46 20 
20 105 50 20 
21 103 51 • 20 
13 19 98 47 20 
20 111 54 20 
21 118 58 20 
22 112 57 20 
23 107 56 20 
24 103 56 20 
14 20 102 50 20 
21 114 57 20 
22 111 57 20 
15 20 100 49 20 
21 110 55 20 
22 116 60 20 
16 22 108 57 20 
Ta b l e A7.11 Power o u t p u t A r e a G3 
A7.14 
Pms Pmean R o t o r d i a m e t e r 
I J kW kW m 
f . a f . a 
22 41 127 66 20 
42 119 63 20 
23 41 104 55 20 
19 62 129 66 20 
20 61 109 55 20 
62 167 84 20 
21 61 118 58 20 
62 126 63 20 
22 60 99 47 20 
61 120 58 20 
62 110 54 20 
23 60 103 49 20 
61 109 52 20 
T a b l e A7.12 Power o u t p u t A r e a s G4 & G5 
A7. 15 
Pms Pmean R o t o r d i a m e t e r 
I J kW kW m 
m.a f . a m.a f . a 
22 24 18 15 8 7 20 
25 13 11 6 5 20 
26 13 11 6 5 20 
27 12 6 20 
28 11 5 20 
29 11 6 20 
30 12 6 20 
31 10 5 20 
32 10 5 19 . 
33 9 5 15 
34 9 5 16 
35 10 5 16 
36 11 6 20 
23 23 31 26 15 13 20 
24 25 22 12 11 20 
25 21 10 20 
26 19 9 20 
27 17 8 20 
28 17 8 20 
29 18 9 20 
30 20 10 20 
31 19 10 20 
32 21 11 20 
33 26 14 20 
34 26 14 20 
35 29 16 20 
24 21 40 31 19 14 20 
22 38 31 18 15 20 
23 35 29 17 14 20 
24 32 28 15 13 20 
25 29 26 14 13 20 
26 27 25 13 12 20 
27 24 23 12 11 20 
28 24 11 20 
29 25 12 20 
30 26 13 20 
31 28 14 20 
32 29 15 20 
33 31 16 20 
25 21 41 31 20 14 20 
22 40 31 19 14 20 
23 37 30 18 15 20 
24 35 31 17 15 20 
25 35 32 17 15 20 
26 34 32 16 15 20 
27 32 31 15 15 20 
28 31 30 15 15 20 
29 32 31 16 15 20 
26 19 41 25 18 10 20 
20 42 29 19 12 20 
21 42 31 19 13 20 
22 41 32 19 14 20 
23 38 31 18 15 20 
24 37 32 18 15 20 
25 39 35 18 17 20 
26 39 37 19 17 20 
27 38 36 18 17 20 ..cont 
A7. 16 
c o n t .. 
17 39 19 16 8 20 
18 39 21 16 8 20 
19 41 25 17 9 20 
20 42 28 19 12 20 
21 42 30 19 13 20 
22 41 32 19 14 20 
23 39 32 18 14 20 
24 39 34 18 15 20 
25 41 37 19 17 20 
26 42 39 19 18 20 
18 39 21 16 8 20 
19 41 25 17 10 20 
20 42 28 18 11 20 
21 43 31 19 13 20 
22 41 32 18 14 20 
23 40 32 18 14 20 
24 40 34 18 15 20 
m.a - moving a x i s d e v i c e 
f . a . - f i x e d a x i s d e v i c e 
Table A7.13 Power o u t p u t A r e a G6 
Pms Pmean R o t o r d i a m e t e r 
I J kW kW m 
m.a f . a m.a f . a 
4 44 13 10 6 3 20 
45 14 12 6 5 20 
5 44 8 6 5 2 20 
45 15 13 6 6 20 
6 45 6 2 3 1 20 
19 23 40 36 19 16 20 
24 17 15 7 6 13 
25 13 13 6 6 13 
20 23 23 21 10 9 20 
24 15 13 6 5 20 
25 13 11 5 4 20 
16 60 34 16 11 9 20 
m. a - moving a x i s d e v i c e 
f . a - f i x e d a x i s d e v i c e 
T a b l e A7.14 Power o u t p u t A r e a s G7, G8 & G9 
Al .11 
EMA2 ESF2 EPL2 EOR 
I J 
6 54 171 -39 232 330 
55 172 -3 7 227 330 
56 165 -42 223 335 
57 156 -47 222 342 
58 146 -53 221 343 
59 138 -5 6 221 345 
7 54 190 -39 222 342 
55 182 -35 219 344 
56 171 -45 216 349 
57 160 -51 215 351 
58 149 -55 215 352 
59 140 -56 217 351 
8 54 195 -38 227 350 
55 187 -35 227 355 
56 174 -37 223 356 
57 161 -43 218 357 
58 149 -49 213 357 
59 140 -54 210 354 
9 53 199 -29 211 357 
54 199 -35 206 5 
55 192 -32 202 5 
56 178 -35 202 4 
57 162 -41 203 2 
58 147 -52 205 357 
59 138 -53 210 351 
10 53 191 -29 206 351 
54 184 -33 199 5 
55 177 -31 195 13 
56 164 -39 197 11 
57 147 -46 198 10 
58 133 -52 201 6 
11 53 180 -25 195 4 
54 180 -27 193 12 
55 182 -28 193 16 
56 177 -31 195 15 
57 165 -3 6 195 15 
58 145 -44 197 12 
12 52 173 -12 184 16 
53 192 -15 189 15 
54 194 -18 191 17 
55 188 -22 192 19 
56 178 -26 193 19 
57 163 -32 192 19 
13 52 206 -1 182 23 
53 211 -4 187 22 
54 201 -8 189 22 
55 189 -12 190 23 
56 175 -17 189 24 
57 156 -22 189 24 
14 51 207 0 177 32 
52 221 -2 182 29 
53 215 -5 185 28 
54 200 -9 187 28 
55 186 -13 188 28 
56 172 -18 188 29 
15 50 184 -4 174 43 
51 210 -3 178 43 
52 204 -3 182 37 
A7.18 
c o n t . . 
53 204 -4 185 33 
54 195 -7 187 33 
55 182 -10 187 32 
56 167 -14 185 32 
16 50 171 -5 175 43 
51 190 -4 180 37 
52 200 -3 184 34 
53 206 -3 186 35 
54 196 -5 186 35 
55 186 -6 185 37 
56 174 -8 182 36 
17 49 183 -7 174 40 
50 198 -5 178 39 
51 194 -5 182 36 
52 197 -4 185 34 
53 209 -3 186 35 
54 208 -3 186 37 
55 191 -2 185 36 
18 49 178 -9 176 41 
50 202 -7 180 39 
51 199 -6 183 35 
52 195 -5 186 31 
53 208 -3 187 29 
54 222 -2 187 33 
19 49 166 -12 177 40 
50 185 -12 181 39 
51 189 -10 185 36 
52 184 -9 188 30 
53 181 -7 189 26 
54 198 -4 187 27 
20 49 147 -16 179 41 
50 154 -14 183 40 
51 166 -12 186 39 
52 173 -10 189 35 
T a b l e A7.15 E l l i p s e P r o p e r t i e s f o r a r e a G l 
EMA2 ESF2 EPL2 E0R2 
I J 
7 23 164 -9 197 41 
24 161 -7 196 44 
25 162 -5 195 46 
8 23 160 -9 198 39 
24 167 -7 196 42 
25 168 -6 195 45 
26 160 -5 193 47 
9 22 162 -11 200 35 
23 163 -9 199 36 
24 166 -7 197 38 
25 173 -6 194 43 
26 170 -5 192 46 
10 23 161 -10 199 35 
24 159 -8 196 37 
25 167 -6 193 41 
26 176 -4 190 43 
27 169 -3 187 46 
Tabl e A7.16 E l l i p s e P r o p e r t i e s f o r a r e a G2 
A7.19 
EMA2 ESF2 EPL2 EO 
I J 
12 19 158 -19 206 25 
20 163 -17 205 27 
21 159 -15 203 28 
13 19 159 -20 208 22 
20 166 -18 206 23 
21 169 -15 204 25 
22 167 -15 201 26 
23 163 -15 197 29 
24 159 -14 191 33 
14 20 161 -20 207 20 
21 167 -18 205 22 
22 165 -17 201 25 
15 20 159 -22 209 27 
21 165 -20 206 30 
22 167 -18 201 33 
16 22 148 -18 203 25 
T a b l e Al.11 E l l i p s e P r o p e r t i e s f o r a r e a G3 
EMA2 ESF2 EPL2 E0R2 
22 41 172 -10 143 55 
42 169 -6 149 40 
23 41 162 -9 145 60 
19 62 172 -7 199 9 
20 61 172 -8 190 18 
62 188 -13 194 16 
21 61 166 -12 185 24 
62 170 -17 189 21 
22 60 155 -11 173 33 
61 167 -14 181 30 
62 162 -20 185 29 
23 60 159 -13 172 45 
61 162 -16 179 39 
T a b l e A7.18 E l l i p s e P r o p e r t i e s f o r a r e a s G4 & 
A7 .20 
EMA2 ESF2 EPL2 EOR 
I J 
22 24 88 -28 89 122 
25 78 -24 93 116 
26 78 -19 93 111 
27 77 -14 95 105 
28 76 -9 97 100 
29 77 -7 99 97 
30 78 -6 100 97 
31 73 -5 102 96 
32 84 -3 104 92 
33 82 -1 106 89 
34 83 0 108 87 
35 75 0 110 87 
36 78 0 112 88 
23 23 101 -38 89 124 
24 97 -30 96 117 
25 94 -2 4 101 111 
26 92 -18 103 106 
27 89 -13 107 102 
28 89 -10 109 99 
29 91 -7 110 96 
30 94 -6 111 93 
31 92 -5 113 93 
32 94 -3 114 93 
33 101 -3 116 90 
34 102 -2 118 87 
35 105 -1 121 85 
24 21 103 -58 84 132 
22 104 -50 90 125 
23 103 -42 96 119 
24 103 -34 101 112 
25 103 -27 106 107 
26 103 -20 109 103 
27 101 -16 112 100 
28 100 -11 115 97 
29 102 -8 117 94 
30 104 -7 118 92 
31 107 -5 120 91 
32 109 -4 121 90 
33 111 -4 123 88 
25 21 102 -62 93 124 
22 104 -53 97 119 
23 104 -45 101 114 
24 105 -38 106 108 
25 108 -24 114 103 
26 109 -18 117 100 
27 108 -14 119 98 
28 109 -11 121 95 
29 110 -9 123 93 
26 19 95 -80 92 127 
20 99 -71 98 120 
21 102 -62 101 116 
22 104 -55 104 113 
23 104 -48 107 109 
24 106 -40 111 105 
25 110 -33 114 101 
26 113 -27 117 98 
27 113 -22 120 96 
27 17 87 -95 104 117 
A7.21 
c o n t . 
18 90 -87 104 116 
19 95 -79 106 114 
20 100 -70 108 111 
21 103 -63 109 109 
22 104 -55 110 107 
23 105 -4 9 112 105 
24 108 -42 114 103 
25 112 -35 117 99 
26 115 -29 120 96 
18 92 -83 120 100 
19 97 -75 116 103 
20 101 -68 115 103 
21 104 -61 116 103 
22 105 -55 116 102 
23 106 -49 117 101 
24 109 -42 118 99 
T a b l e A7.19 E l l i p s e p r o p e r t i e s f o r a r e a G6 
EMA2 ESF2 EPL2 E0R2 
I J 
4 44 62 -45 115 95 
45 67 -47 89 115 
5 44 58 -42 120 114 
45 55 -61 88 146 
6 45 42 -93 119 78 
19 23 98 -3 229 347 
24 81 -32 222 354 
25 73 -19 210 358 
20 23 87 -30 244 328 
24 64 -28 244 326 
25 51 -34 231 331 
16 60 73 -28 233 329 
T a b l e A7.20 E l l i p s e p r o p e r t i e s f o r a r e a s G7, G8 & G9 
A7 .22 
A7.3 A l d e r n e y 
The f o l l o w i n g a r e a s a r e i d e n t i f i e d on t h e 
b a s i s o f power o u t p u t . 
J 39 40 41 42 43 44 45 46 47 48 49 50 
I 
7 + 
8 + 
9 + + 
10 + + 
II + + + 
12 + + + + 
13 + + + + 
14 + + + + + 
15 + + + + + + 
16 + + + + + + X 
17 + + + + + + + X 
18 + + + X X + + + + 
19 + + X X X X X X X + 
20 + x x x x x x x * x x 
2 1 + x x x x x x x x * * * 
2 2 X X X X X X X X X X X * 
2 3 X X X X X X X X X X X * 
2 4 + + + X + + + + + + X X 
2 5 + + + + + + + + + + + X 
2 6 + + + + + + + + + + + + 
2 7 + + + + + + + + + + + + 
2 8 + + + + + + + + + + + + 
2 9 + + + + + + + + + + + + 
3 0 + + + + + + + + + + + + 
F i g A7.13 A l ( e a s t ) L o c a t i o n o f Z - p o i n t s model c o o r d i n a t e s . 
A7.23 
J 35 36 37 38 
I 
22 + 
23 + 
24 + + + 
25 + + + 
26 + + + 
27 + + + + 
28 + + + + 
29 + + + 
F o r A l d e r n e y o n l y 
S i t e s power o u t p u t > 200kW + 
> 5 0 0kW X 
> IMW * 
B l o c k ( 7 , 3 5 ) , (30,50) 
SE c o r n e r 49°40.40N 2°11.40W, NW c o r n e r 49°49.80N 2°2.40W 
F i g A7.14 A l ( w e s t ) L o c a t i o n o f Z - p o i n t s model c o o r d i n a t e s 
J 18 19 20 21 22 23 24 25 26 27 28 
I 
15 + + + + + + 
16 + + + + + + + + 
17 + + + + + + + + + 
18 + + + 4- + + + 
19 + + + + 
20 + + + + 
21 + + 
B l o c k ( 1 5 , 1 8 ) , (21,28) 
SE c o r n e r 49°47.20N 2°19.20W, NW c o r n e r 49°49.60N 2°21.60W 
F i g A7.15 A2, L o c a t i o n o f Z - p o i n t s - model c o o r d i n a t e s 
A7.24 
Pms Pmean 
J I kW kw 
16 50 490 245 
17 50 490 248 
18 45 540 285 
46 490 258 
19 43 500 268 
44 580 314 
45 680 369 
46 730 396 
47 710 386 
48 620 339 
49 510 277 
20 41 540 288 
42 500 265 
43 540 289 
44 600 324 
45 690 374 
46 800 442 
47 930 519 
48 1000 557 
49 870 490 
50 640 365 
21 40 790 441 
41 760 419 
42 550 297 
43 540 289 
44 560 307 
45 620 342 
46 690 385 
47 810 458 
48 1050 595 
49 1170 671 
50 1080 634 
22 39 660 367 
40 640 360 
41 780 431 
42 660 362 
43 580 318 
44 570 314 
45 600 334 
46 680 385 
47 780 437 
48 970 546 
49 870 490 
50 1070 619 
23 39 550 311 
40 500 • 275 
41 630 336 
42 670 362 
43 580 319 
44 550 306 
45 510 291 
46 550 310 
47 650 367 
48 740 424 
49 760 435 
50 1000 571 
24 42 500 268 
49 610 349 
50 800 463 
T a b l e A.21 Power o u t p u t Area A l 
A7.25 
R o t o r d i a m e t e r 
m 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
Pms Pmean R o t o r d i a m e t e r 
I J kw kW m 
m. a f . a m.a f . a 
15 18 220 200 109 104 20 
19 210 200 106 101 20 
25 220 190 116 103 20 
26 220 190 121 108 20 
27 230 200 125 112 20 
28 220 210 121 113 20 
16 18 210 200 110 105 20 
19 280 260 147 141 20 
20 280 260 148 140 20 
21 230 210 125 116 20 
25 250 210 138 120 20 
26 270 220 150 129 20 
27 250 220 140 123 20 
28 240 220 127 119 20 
17 19 240 220 129 123 20 
20 320 300 179 169 20 
21 360 320 201 187 20 
22 290 250 162 147 20 
23 250 210 141 125 20 
24 290 250 166 147 20 
25 290 250 172 149 20 
26 280 230 163 137 20 
27 250 200 140 115 20 
18 19 200 180 113 105 20 
20 250 220 140 127 19 
21 240 210 138 124 16 
22 330 300 197 181 17 
23 380 350 227 209 20 
24 420 380 256 236 20 
25 420 370 260 233 20 
19 21 260 220 147 134 17 
22 360 330 217 201 18 
23 430 390 265 247 20 
24 390 350 252 229 20 
20 21 230 200 134 121 18 
22 320 290 192 176 20 
23 350 310 218 200 20 
24 230 210 155 131 20 
21 21 230 210 141 131 20 
22 210 190 129 118 20 
m. a - moving a x i s d e v i c e 
f . a - f i x e d a x i s d e v i c e 
T a b l e A7.2 2 Power o u t p u t A r e a A2 
A7 . 26 
EMA2 ESF2 EPL2 EO] 
I J 
16 50 278 -10 201 51 
17 50 278 -10 200 48 
18 45 286 -8 202 41 
46 278 -9 202 42 
19 43 277 -7 203 32 
44 292 -8 203 34 
45 310 -8 203 36 
46 318 -8 202 37 
47 315 -8 202 38 
48 302 -10 201 41 
49 282 -11 200 42 
20 41 284 -5 200 32 
42 277 -6 202 29 
43 286 -7 203 30 
44 297 -8 203 31 
45 311 -8 203 32 
46 328 -8 202 33 
47 345 -8 202 34 
48 353 -8 202 36 
49 337 -9 201 37 
50 304 -10 200 35 
21 40 323 -5 193 32 
41 320 -6 197 34 
42 287 -7 199 29 
43 286 -8 201 29 
44 291 -8 202 30 
45 301 -8 202 30 
46 312 -8 203 31 
47 330 -8 203 31 
48 359 -7 202 33 
49 372 -8 201 33 
50 362 -8 201 29 
22 39 314 -8 193 38 
40 300 -9 197 33 
41 322 -8 198 35 
42 305 -8 200 29 
43 293 -9 202 28 
44 291 -9 202 28 
45 297 -9 203 27 
46 311 -9 203 27 
47 325 -8 203 27 
48 349 -8 202 28 
49 383 -8 202 28 
50 395 -7 202 25 
23 39 284 -11 193 38 
40 278 -11 196 35 
41 300 -10 198 34 
42 307 -9 200 32 
43 293 -10 202 28 
44 287 -10 202 27 
45 282 -10 203 26 
46 288 -10 203 24 
47 305 -9 203 24 
48 320 -9 203 22 
49 351 -9 202 24 
50 376 -7 202 23 
24 42 271 -11 200 35 
49 300 -10 202 22 
50 329 -8 202 20 
T a b l e A7.23 E l l i p s e p r o p e r t i e s f o r a r e a A l 
Al .21 
EMA2 ESF2 EPL2 EOR 
I J 
15 18 206 -19 205 49 
19 204 -20 203 53 
25 203 -20 196 58 
26 203 -17 194 62 
27 203 -14 186 65 
28 203 -10 181 72 
16 18 204 -19 205 46 
19 223 -17 204 48 
20 222 -19 201 51 
21 207 -21 199 55 
25 209 -21 193 52 
26 212 -17 189 54 
27 203 -12 184 61 
28 201 -6 177 68 
17 19 210 -18 204 46 
20 232 -19 203 47 
21 238 -20 202 46 
22 221 -21 202 44 
23 211 -20 201 41 
24 222 -18 199 43 
25 221 -17 194 48 
26 213 -15 188 51 
27 198 -11 181 54 
18 19 198 -22 206 39 
20 217 -24 205 41 
21 239 • -22 205 40 
22 254 -17 205 37 
23 248 -15 204 32 
24 257 -12 200 33 
25 262 -11 195 36 
19 21 230 -20 207 33 
22 254 -14 206 32 
23 258 -10 205 29 
24 249 -9 202 28 
20 21 215 -20 210 28 
22 232 -13 209 28 
23 239 -9 206 26 
24 225 -7 203 21 
21 21 208 -17 211 27 
22 200 -13 209 27 
T a b l e A7.24 E l l i p s e p r o p e r t i e s f o r a r e a A2 
A7.2 8 
Appendix 8 
Power o u t p u t and E l l i p s e p r o p e r t i e s - J e r s e y 
These f i l e s a r e a r r a n g e d g e o g r a p h i c a l l y , model c o o r d i n a t e s 
ar e g i v e n . 
Pmax - maximum power o u t p u t 
Pmean - mean power o u t p u t 
spring/mean f a c t o r - % 
EMA2 - s e m i - a x i s major o f s.d e l l i p s e 
ESF2 - shape f a c t o r s.d e l l i p s e 
EPL2 - p h a s e - l a g s.d e l l i p s e 
E0R2 - o r i e n t a t i o n s.d e l l i p s e 
A8.1 
R U N N O . 1 P m a x k W 
J - 1 2 3 4 5 6 7 6 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 1 0 4 1 0 0 9 3 6 8 6 3 7 8 7 4 6 9 6 4 5 9 5 4 5 0 4 5 4 1 3 7 3 4 3 1 2 8 2 6 2 4 2 3 2 2 2 1 2 0 2 1 2 1 2 1 
2 1 0 5 1 0 0 9 4 8 9 8 5 8 0 7 6 7 1 6 6 6 1 5 6 5 2 4 7 4 2 3 8 3 4 3 1 2 8 2 6 2 4 2 2 2 1 2 0 2 0 2 1 2 2 2 3 
3 1 0 5 9 9 9 2 9 0 6 5 7 9 7 2 6 6 6 1 5 7 5 5 5 1 4 6 4 1 3 6 3 2 2 8 2 5 2 2 1 8 1 5 1 5 1 4 1 5 1 9 2 2 2 4 
4 1 0 6 1 0 3 9 8 9 4 8 8 8 2 7 4 6 6 6 0 5 7 5 6 5 6 5 3 4 5 3 9 3 2 2 7 2 4 2 2 2 1 1 7 1 4 1 2 1 5 1 9 2 3 2 6 
5 1 0 8 1 0 3 9 8 9 2 6 4 7 7 7 1 6 5 6 1 5 9 5 9 6 0 6 4 5 8 4 9 3 9 3 3 2 9 2 5 2 3 2 0 1 5 1 2 1 6 2 0 2 4 2 8 
6 1 1 0 1 0 7 1 0 2 9 4 6 4 7 5 6 9 6 5 6 3 6 1 6 3 6 5 7 4 8 6 8 4 7 2 5 4 4 5 3 9 3 1 2 4 1 8 1 5 1 6 2 1 2 6 3 0 
7 1 1 3 1 0 9 1 0 4 9 5 8 4 7 3 6 7 6 3 6 1 6 0 6 0 6 0 6 0 7 2 8 5 9 1 8 6 6 5 5 1 4 3 3 2 2 2 1 6 1 8 2 3 2 5 2 6 
8 1 1 5 1 1 2 1 0 8 9 6 8 3 7 3 6 6 6 2 6 2 6 2 6 2 6 0 5 6 5 5 5 6 6 3 7 4 7 3 6 2 4 1 3 1 2 0 1 3 1 4 1 7 2 0 2 3 
9 1 1 7 1 1 2 1 0 8 9 6 8 3 7 3 6 6 6 3 6 2 6 4 6 5 6 2 5 8 5 4 5 5 5 2 5 3 5 3 4 9 3 8 2 6 1 4 6 4 6 1 1 1 7 
1 0 1 1 9 1 1 3 1 0 9 9 6 8 2 7 3 6 9 6 6 6 4 6 3 6 5 6 4 6 1 5 6 5 8 5 6 5 3 4 5 3 6 3 0 1 7 7 1 1 4 6 1 1 
= U 1 2 1 1 1 5 1 1 2 9 8 6 3 7 3 6 6 6 5 6 4 6 4 6 5 6 6 6 4 6 2 6 2 5 8 5 3 4 5 3 4 2 2 1 4 1 1 1 0 1 0 1 1 1 0 1 2 
1 2 1 2 3 1 1 6 1 1 4 1 0 2 8 9 7 7 6 8 6 5 6 6 6 5 6 5 6 6 6 5 6 4 6 4 6 2 5 7 5 0 4 0 2 7 2 0 2 4 3 0 2 7 2 2 1 6 1 8 
= 1 3 1 2 5 1 1 6 1 1 3 1 0 3 9 3 8 4 7 7 7 2 7 0 6 9 6 9 7 2 7 1 6 5 6 0 6 1 6 2 5 9 4 9 3 3 2 6 2 7 2 3 1 8 1 9 1 9 2 0 
- 1 4 1 2 7 1 1 8 1 1 6 1 0 5 9 7 9 2 8 6 7 9 7 6 7 7 7 6 7 6 7 8 7 0 5 7 5 6 6 5 7 0 5 0 2 3 1 4 1 3 1 1 1 0 9 9 1 0 
1 5 1 2 9 1 1 9 1 1 7 1 0 4 9 6 9 3 8 9 6 3 6 0 6 0 7 9 7 5 7 6 6 1 7 1 6 2 6 0 4 6 1 4 0 0 0 1 1 1 1 1 1 0 
1 6 1 3 3 1 1 8 1 1 3 9 9 8 8 8 6 6 6 8 3 6 1 8 0 6 2 8 0 7 7 7 8 7 3 6 3 4 7 1 2 1 0 1 0 0 1 0 0 0 1 0 1 0 0 
n 1 3 5 1 1 7 1 0 9 9 5 8 2 7 7 7 6 7 6 8 0 8 1 6 3 8 9 9 2 8 8 8 1 5 9 3 5 4 1 0 1 0 0 0 0 1 0 0 0 1 0 
= 1 8 1 3 9 1 1 9 1 0 7 9 3 8 1 7 4 7 5 7 7 6 1 6 6 9 5 1 0 8 1 3 1 1 1 1 5 6 4 5 2 4 0 | 0 0 1 0 0 0 0 0 0 0 
1 9 1 4 2 1 2 3 1 1 1 9 4 6 1 7 5 7 5 7 9 8 1 9 2 1 0 9 1 2 1 1 3 6 6 6 4 9 3 5 1 5 0 0 | 0 0 1 0 0 0 0 0 0 
2 0 1 4 6 1 2 8 1 1 8 9 9 8 3 7 5 7 0 7 0 7 5 8 0 8 9 9 5 9 4 7 4 4 6 2 6 1 1 2 0 0 1 0 1 0 0 0 0 0 0 
2 1 1 4 9 1 3 0 1 2 0 1 0 3 6 9 7 8 7 1 6 7 6 7 6 6 6 5 6 8 6 9 6 5 4 1 2 2 9 3 0 0 1 0 0 1 0 0 0 0 0 
2 2 1 5 1 1 3 1 1 2 3 1 0 6 9 4 8 3 7 3 6 6 6 1 6 0 5 8 6 0 6 2 6 1 4 0 2 2 9 3 0 0 0 1 0 1 0 0 0 0 0 
2 3 1 5 3 1 3 0 1 2 6 1 1 0 9 6 8 4 7 3 6 5 6 0 5 7 5 7 5 8 5 9 5 6 4 2 2 3 1 0 3 0 0 0 1 0 1 0 0 0 0 0 
2 4 1 5 3 1 3 6 1 4 2 1 2 0 1 0 0 6 5 7 2 6 2 5 6 5 3 5 2 5 3 5 4 5 1 4 7 2 4 1 1 5 0 0 0 1 0 1 0 0 0 0 1 0 
2 5 1 5 3 1 4 3 1 5 9 1 3 0 1 0 3 6 5 7 0 6 0 5 4 5 2 5 1 5 2 5 4 5 6 5 5 3 2 1 3 6 0 0 1 0 0 1 0 0 0 0 1 0 
= 2 6 1 4 9 1 3 9 1 6 4 1 3 3 1 0 6 8 5 6 9 5 9 5 4 5 1 5 1 5 3 5 6 5 8 5 8 5 9 2 5 1 1 0 1 0 0 1 0 0 1 0 0 1 0 1 0 
21 1 4 5 1 3 3 1 7 0 1 3 6 1 0 7 6 4 6 7 5 5 5 0 4 8 4 9 5 2 5 4 6 1 6 9 7 8 5 8 3 2 1 1 1 0 0 0 0 0 1 0 1 0 1 0 
R U N N O . 1 P m a x k W 
J •= 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
- 1 2 1 2 3 1 1 6 1 1 4 1 0 2 8 9 7 7 6 8 6 5 6 6 6 5 6 5 6 6 6 5 6 4 6 4 6 2 5 7 5 0 4 0 2 7 2 0 2 4 3 0 2 7 2 2 1 8 1 8 
=: 1 3 1 2 5 1 1 6 1 1 3 1 0 3 9 3 8 4 7 7 7 2 7 0 6 9 6 9 7 2 7 1 6 5 6 0 6 1 6 2 5 9 4 9 3 3 2 6 2 7 2 3 1 8 1 9 1 9 2 0 
= 1 4 1 2 7 1 1 8 1 1 6 1 0 5 9 7 9 2 8 6 7 9 7 6 7 7 7 6 7 6 7 8 7 0 5 7 5 6 6 5 7 0 5 0 2 3 1 4 1 3 1 1 1 0 9 9 1 0 
1 5 1 2 9 1 1 9 1 1 7 1 0 4 9 6 9 3 8 9 8 3 8 0 8 0 7 9 7 5 7 8 8 1 7 1 6 2 6 0 4 6 1 4 0 0 0 1 1 1 1 11 0 
1 6 1 3 3 1 1 8 1 1 3 9 9 8 8 8 6 8 6 8 3 8 1 8 0 8 2 8 0 7 7 7 8 7 3 6 3 4 7 1 2 1 0 1 0 0 1 0 0 0 1 0 | 0 0 
n 1 3 5 1 1 7 1 0 9 9 5 8 2 7 7 7 6 7 6 8 0 8 1 8 3 8 9 9 2 8 8 8 1 5 9 3 5 4 1 0 1 0 0 0 0 1 0 0 0 1 0 
1 8 1 3 9 1 1 9 1 0 7 9 3 8 1 7 4 7 5 7 7 8 1 8 8 9 5 1 0 8 1 3 1 1 1 1 5 6 4 5 2 4 0 1 0 0 1 0 0 0 0 0 0 0 
1 9 1 4 2 1 2 3 1 1 1 9 4 8 1 7 5 7 5 7 9 8 1 9 2 1 0 9 1 2 1 1 3 6 8 6 4 9 3 5 1 5 0 0 1 0 0 1 0 0 0 0 0 0 
- 2 0 1 4 6 1 2 8 1 1 8 9 9 8 3 7 5 7 0 7 0 7 5 8 0 8 9 9 5 9 4 7 4 4 6 2 6 1 1 2 0 0 | 0 1 0 0 0 0 0 0 
2 1 1 4 9 1 3 0 1 2 0 1 0 3 8 9 7 8 7 1 6 7 6 7 6 6 6 5 6 8 6 9 6 5 4 1 2 2 9 3 0 0 1 0 0 | 0 0 0 0 0 
= 2 2 1 5 1 1 3 1 1 2 3 1 0 6 9 4 8 3 7 3 6 6 6 1 6 0 5 8 6 0 6 2 6 1 4 0 2 2 9 3 0 0 0 1 0 1 0 0 0 0 0 
2 3 1 5 3 1 3 0 1 2 6 1 1 0 9 6 8 4 7 3 6 5 6 0 5 7 5 7 5 8 5 9 5 6 4 2 2 3 1 0 3 0 0 0 1 0 1 0 0 0 0 0 
2 4 1 5 3 1 3 6 1 4 2 1 2 0 1 0 0 8 5 7 2 6 2 5 6 5 3 5 2 5 3 5 4 5 1 4 7 2 4 1 1 5 0 0 0 1 0 1 0 0 0 0 1 0 
2 5 1 5 3 1 4 3 1 5 9 1 3 0 1 0 3 8 5 7 0 6 0 5 4 5 2 5 1 5 2 5 4 5 6 5 5 3 2 1 3 6 0 0 | 0 0 | 0 0 0 0 1 0 
2 6 1 4 9 1 3 9 1 6 4 1 3 3 1 0 6 8 5 6 9 5 9 5 4 5 1 5 1 5 3 5 6 5 8 5 8 5 9 2 5 1 1 0 1 0 0 1 0 0 1 0 0 1 0 1 0 
s 2 7 1 4 5 1 3 3 1 7 0 1 3 6 1 0 7 8 4 6 7 5 5 5 0 4 8 4 9 5 2 5 4 6 1 6 9 7 8 5 8 3 2 1 1 1 0 0 0 0 0 1 0 1 0 1 0 
- 2 8 1 3 9 1 2 3 1 7 7 1 4 2 1 0 9 8 1 6 3 5 2 4 7 4 5 4 7 4 9 5 5 6 3 6 9 7 8 8 8 7 1 5 7 3 1 1 0 4 1 11 0 0 0 
— 2 9 1 3 0 1 1 7 2 0 4 1 5 9 1 1 1 7 9 6 0 5 1 4 6 4 5 4 8 5 2 5 9 6 6 7 0 7 6 7 7 8 1 7 3 6 1 4 1 2 5 1 4 9 6 2 1 0 
3 0 1 2 3 1 1 4 2 3 7 1 7 8 1 0 8 7 5 5 8 4 9 4 5 4 7 5 1 5 5 6 2 7 0 7 5 7 6 7 8 7 6 S 9 5 0 4 1 3 1 1 9 1 2 1 2 9 8 
3 1 1 1 3 9 4 2 4 0 1 8 2 9 6 7 0 5 6 4 9 4 6 5 1 5 7 6 1 6 7 7 3 7 6 7 8 8 6 8 5 6 6 4 9 3 1 2 3 1 7 1 1 9 7 7 
= 3 2 1 0 5 7 7 1 2 6 1 5 5 8 7 6 7 5 5 5 0 5 1 S B £ 3 6 5 6 8 7 2 7 8 8 4 9 0 9 6 8 3 7 5 5 9 4 0 2 7 1 9 1 4 1 0 8 
- 3 3 9 9 7 2 3 6 1 1 0 7 4 6 2 5 5 5 3 5 5 6 2 6 5 6 6 7 0 7 7 8 0 7 9 8 2 9 2 8 7 8 1 7 7 7 0 5 9 4 7 3 7 3 0 2 3 
3 4 1 0 0 6 7 3 4 7 0 6 1 5 8 5 4 5 3 5 7 6 4 6 5 6 4 7 0 7 5 7 1 7 0 7 6 8 9 8 7 6 9 7 9 7 3 7 0 6 2 5 6 5 0 4 1 
3 5 1 0 5 8 3 3 6 3 9 5 3 5 9 5 7 5 5 5 6 6 2 6 1 6 2 7 1 7 2 6 4 6 5 7 4 7 1 7 2 7 2 7 1 6 7 6 4 5 8 5 2 4 6 4 0 
- 3 6 1 2 3 7 8 3 6 4 0 7 3 8 4 7 6 6 7 6 1 6 1 5 9 6 1 6 4 6 5 6 1 6 2 5 5 4 9 5 0 5 0 4 8 4 6 4 6 4 5 4 0 3 5 3 2 
3 7 1 2 7 8 3 4 9 8 1 1 3 5 1 4 9 1 3 1 1 1 0 9 3 8 1 7 5 7 1 6 8 6 7 6 5 6 3 5 1 4 6 4 7 4 4 4 2 4 0 4 0 3 9 3 4 3 0 2 7 
3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N O . 1 P m a x k W 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 2 3 2 2 2 1 2 0 2 1 2 1 2 1 2 3 2 4 2 5 2 7 2 8 2 9 3 0 3 1 3 1 3 1 3 2 2 9 2 6 2 3 2 3 2 2 2 0 1 9 1 7 1 4 
2 2 2 2 1 2 0 2 0 2 1 2 2 2 3 2 4 2 7 2 9 3 1 3 2 3 2 3 2 3 2 3 4 3 1 3 0 3 0 2 6 2 6 2 6 2 5 2 3 2 0 I B 1 5 
3 1 5 1 5 1 4 1 5 1 9 2 2 2 4 2 7 3 1 3 2 3 5 3 4 3 2 3 0 3 1 3 1 3 1 3 0 3 1 3 3 3 3 3 0 2 8 2 5 2 2 2 0 1 7 
4 1 7 1 4 1 2 1 5 1 9 2 3 2 6 3 0 3 2 3 6 3 6 3 5 3 3 3 0 3 1 2 6 2 6 2 5 2 5 2 8 3 1 3 0 2 7 2 4 2 1 1 8 1 6 
5 2 0 1 5 1 2 1 6 2 0 2 4 2 8 3 1 3 5 3 9 3 7 3 4 3 3 3 2 3 0 2 6 2 3 2 1 1 9 2 0 2 7 3 0 2 6 2 1 1 9 1 4 1 1 
6 2 4 1 8 1 5 1 8 2 1 2 6 3 0 3 3 3 7 3 8 3 7 3 6 3 7 3 7 3 2 2 6 2 1 1 8 1 4 1 3 1 7 2 9 2 6 1 9 1 6 1 2 6 
7 3 2 2 2 1 6 1 8 2 3 2 5 2 6 2 9 3 2 3 4 3 5 3 7 3 7 3 6 3 4 2 9 2 2 1 6 1 1 6 4 1 2 2 6 1 9 1 3 9 5 
e 3 1 2 0 1 3 1 4 1 7 2 0 2 3 2 5 2 9 3 2 3 5 3 8 4 0 3 9 3 8 3 5 2 8 2 0 1 4 5 0 0 1 7 1 9 1 2 9 4 
9 2 6 1 4 6 4 6 1 1 1 7 2 1 2 6 3 0 3 4 3 9 4 3 4 4 4 4 4 4 3 7 2 6 2 1 1 0 0 0 9 2 1 1 2 1 0 5 
1 0 1 7 7 I 1 4 6 1 1 1 6 2 1 2 6 3 3 4 0 4 6 5 1 5 3 5 7 6 0 4 4 2 6 2 4 1 3 6 7 2 0 1 7 1 2 6 
1 1 1 4 1 1 1 0 1 0 1 1 1 0 1 2 1 5 2 0 2 6 3 3 4 0 4 8 5 6 6 4 7 1 6 5 8 4 5 7 4 3 3 5 2 1 1 6 2 3 2 6 1 9 1 6 
1 2 2 0 2 4 3 0 2 7 2 2 1 8 1 8 2 0 2 4 2 6 3 3 4 1 5 2 6 6 7 7 8 6 1 0 3 1 2 3 1 1 5 9 5 7 9 5 8 4 1 3 8 4 2 3 9 3 6 
1 3 2 6 2 7 2 3 1 8 1 9 1 9 2 0 2 4 2 7 3 1 3 6 4 3 5 4 7 6 8 5 1 0 9 1 1 2 1 2 7 1 3 5 1 3 1 1 2 1 1 1 1 9 4 7 7 6 9 6 5 6 8 
1 4 1 4 1 3 1 1 1 0 9 9 1 0 9 9 1 2 1 5 1 9 2 8 4 5 8 4 1 1 9 1 3 2 1 4 1 1 4 5 1 4 1 1 3 4 1 2 0 1 1 4 1 0 2 9 4 6 8 8 4 
1 5 0 0 1 1 1 1 1 1 0 0 0 0 1 0 1 3 7 1 9 4 4 7 9 1 1 2 1 4 9 1 6 6 1 5 9 1 5 0 1 3 3 1 1 9 9 6 9 3 9 4 
1 6 0 1 0 0 0 ( 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 3 1 2 2 9 6 5 1 3 3 1 7 9 1 8 3 1 5 1 1 5 3 1 1 4 9 0 9 1 
1 7 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 2 8 3 0 9 7 1 6 4 1 7 2 1 6 3 1 4 6 1 0 2 8 6 
I B 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 5 5 7 1 3 4 1 3 6 1 3 6 1 1 3 8 3 
1 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 8 6 1 0 0 9 7 7 9 
2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 5 3 1 6 0 6 9 6 5 
2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 8 2 7 4 3 4 8 
22 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 2 1 0 2 2 3 1 
2 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 3 1 1 2 0 
2 4 0 | 0 | 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 | 0 1 1 4 1 2 
2 5 1 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 | 0 0 0 1 1 6 
2 6 0 1 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 | 0 1 0 0 0 1 1 3 
2 7 0 0 0 0 1 0 1 0 | 0 0 | 0 0 0 o'l 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 1 2 
R U N N O . 1 P m a x k W 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
= 12 2 0 2 4 3 0 2 7 2 2 1 8 I B 2 0 2 4 2 8 3 3 4 1 5 2 6 6 7 7 8 6 1 0 3 1 2 3 1 1 5 9 5 7 9 5 8 4 1 3 8 4 2 3 9 3 6 
13 2 6 2 7 2 3 1 8 1 9 1 9 2 0 2 4 2 7 3 1 3 6 4 3 5 4 7 6 8 5 1 0 9 1 1 2 1 2 7 1 3 5 1 3 1 1 2 1 1 1 1 9 4 7 7 6 9 6 5 6 8 
1 4 1 4 1 3 1 1 1 0 9 9 1 0 9 9 1 2 1 5 1 9 2 8 4 5 8 4 1 1 9 1 3 2 1 4 1 1 4 5 1 4 1 1 3 4 1 2 0 1 1 4 1 0 2 9 4 8 8 8 4 
15 0 0 | 1 1 1 1 1 0 0 0 0 1 0 1 3 7 1 9 4 4 7 9 1 1 2 1 4 9 1 6 8 1 5 9 1 5 0 1 3 3 1 1 9 9 6 9 3 9 4 
— 16 0 1 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 3 1 2 2 9 6 5 1 3 3 1 7 9 1 8 3 1 5 1 1 5 3 1 1 4 9 0 9 1 
= n 0 0 0 | 0 0 0 | 0 0 0 0 0 0 0 0 1 0 0 1 0 2 a 3 0 9 7 1 8 4 1 7 2 1 6 3 1 4 8 1 0 2 8 6 
- 18 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 5 5 7 1 3 4 1 3 6 1 3 6 1 1 3 8 3 
— 1 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 4 0 8 6 1 0 0 9 7 7 9 
2 0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 5 3 1 6 0 6 9 6 5 
= 2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 8 2 7 4 3 4 8 
= 2 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 2 1 0 2 2 3 1 
- 2 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 | 0 1 3 1 1 2 0 
2 4 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 4 1 2 
= 2 5 1 0 0 1 0 0 0 0 1 0 | 0 0 0 1 0 0 1 0 0 0 0 0 0 0 • 0 1 0 1 0 0 0 1 1 6 
26 0 1 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 3 
27 0 0 0 0 | 0 1 0 1 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 | 0 0 0 0 1 2 
- 28 1 0 4 1 11 0 0 0 1 0 1 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 1 0 0 0 0 1 3 
2 9 4 1 2 5 1 4 9 6 2 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 3 
3 0 4 1 3 1 1 9 1 2 1 2 9 8 5 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
3 1 3 1 2 3 1 7 1 1 9 7 7 5 3 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
3 2 5 9 4 0 2 7 1 9 1 4 1 0 8 8 6 5 4 3 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 
- 33 7 7 7 0 5 9 4 7 3 7 3 0 2 3 1 8 1 5 1 1 8 6 5 4 4 4 3 2 1 1 0 0 0 0 0 0 0 
3 4 7 9 7 3 7 0 6 2 5 6 5 0 4 1 3 1 2 3 1 7 1 3 9 7 6 6 5 4 4 4 4 3 3 3 3 3 4 5 
3 5 7 1 6 7 6 4 5 8 5 2 4 6 4 0 3 3 2 6 2 1 1 6 1 2 » 7 6 5 5 4 4 4 4 5 6 7 7 7 7 
= 3 6 4 8 4 6 4 6 4 5 4 0 3 5 3 2 2 7 2 3 1 9 1 6 1 3 1 0 8 6 5 4 4 4 4 4 5 5 4 4 4 4 
3 7 4 2 4 0 4 0 3 9 3 4 3 0 2 7 2 3 1 8 1 4 1 3 1 2 1 0 9 8 7 5 5 5 6 6 6 5 4 3 3 2 
3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
R U N N O . 1 P m a x k W 
J = 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
a 1 2 3 2 3 2 2 2 0 1 9 1 7 1 4 1 1 1 2 1 1 9 8 6 5 5 4 3 2 1 1 0 0 0 0 0 0 0 
a 2 2 6 2 6 2 5 2 3 2 0 1 8 1 5 1 3 1 2 1 2 1 1 9 7 7 7 6 5 4 3 1 1 0 0 0 0 0 0 
3 3 3 3 0 2 8 2 5 2 2 2 0 1 7 1 6 1 5 1 5 1 4 1 2 9 8 6 8 8 7 5 4 2 1 1 0 0 0 0 
4 3 1 3 0 2 7 2 4 2 1 1 6 1 6 1 6 1 5 1 5 1 4 1 3 1 0 7 6 6 6 7 7 5 3 2 1 1 0 0 0 
5 2 7 3 0 2 6 2 1 1 9 1 4 1 1 1 1 1 1 1 3 1 4 1 3 1 1 8 5 3 3 3 5 4 3 2 1 0 0 0 0 
£ 1 7 2 9 2 8 1 9 1 6 1 2 6 6 7 9 1 3 1 5 1 3 1 0 7 4 2 2 3 3 3 2 1 0 0 0 0 
7 4 1 2 2 8 1 9 1 3 9 5 3 2 4 9 1 6 1 6 1 1 7 5 2 0 2 3 3 2 1 1 1 0 0 
8 0 0 1 7 1 9 1 2 9 4 1 0 0 0 3 1 3 1 4 8 5 2 0 0 2 2 2 1 1 1 0 0 
9 0 0 9 2 1 1 2 1 0 5 1 0 0 0 0 0 8 9 5 3 0 0 1 1 1 1 1 0 0 0 
1 0 1 3 6 7 2 0 1 7 1 2 8 0 0 0 0 0 0 0 7 5 3 2 0 0 0 0 0 0 0 p 
1 1 3 5 2 1 1 6 2 3 2 6 1 9 1 6 0 0 0 0 0 0 0 3 4 3 2 2 0 0 1 1 0 0 0 0 
1 2 7 9 5 8 4 1 3 8 4 2 3 9 3 6 1 1 0 0 0 0 0 0 1 3 3 2 2 1 0 1 1 1 0 0 0 
1 3 1 2 1 1 1 1 9 4 7 7 6 9 6 5 6 8 5 0 1 6 7 4 1 1 1 0 2 1 1 1 1 0 1 1 0 0 0 
1 4 1 3 4 1 2 0 1 1 4 1 0 2 9 4 8 8 8 4 8 2 5 1 2 8 1 5 8 5 4 2 2 3 2 1 1 1 1 1 1 0 0 0 
1 5 1 5 9 1 5 0 1 3 3 1 1 9 9 6 9 3 9 4 8 5 6 5 4 4 2 7 1 7 1 2 9 7 5 4 3 2 1 1 1 1 1 1 0 0 
1 6 1 7 9 1 8 3 1 5 1 1 5 3 1 1 4 9 0 9 1 8 5 6 8 5 1 3 6 2 5 1 8 1 4 1 1 1 0 6 4 3 2 2 1 1 1 1 0 
1 7 9 7 1 8 4 1 7 2 1 6 3 1 4 8 1 0 2 8 6 8 4 7 5 5 9 4 4 3 3 2 4 1 8 1 3 1 2 1 1 9 7 5 3 2 2 1 1 0 
I B 1 5 5 7 1 3 4 1 3 6 1 3 6 1 1 3 8 3 7 1 6 3 5 5 4 5 3 6 2 8 2 2 1 7 1 3 1 1 9 8 6 5 3 2 2 1 1 
1 9 0 11 4 0 8 6 1 0 0 9 7 7 9 6 3 5 2 4 4 3 8 3 3 2 8 2 4 2 0 1 6 1 3 1 0 8 7 5 4 3 3 2 2 1 
2 0 0 1 0 1 5 3 1 6 0 6 9 6 5 5 6 4 5 3 8 3 2 2 6 2 4 2 2 2 1 1 8 1 7 1 4 9 7 5 5 3 3 2 2 2 
2 1 1 0 0 1 0 8 2 7 4 3 4 8 4 6 4 0 3 3 2 7 2 2 2 0 1 8 1 7 1 6 1 6 1 6 1 4 1 0 6 5 4 3 3 2 2 
2 2 1 0 0 | 0 2 1 0 2 2 3 1 3 5 3 4 2 9 2 3 1 9 1 7 1 5 1 3 1 2 1 2 1 3 1 4 1 2 9 6 5 4 3 2 2 
2 3 0 1 0 1 0 1 3 1 1 2 0 2 5 2 7 2 5 2 0 1 5 1 4 1 3 1 1 1 0 1 0 1 0 1 0 1 1 1 0 7 5 4 3 3 2 
2 4 1 0 0 1 0 1 1 4 1 2 1 6 2 2 2 2 1 7 1 3 1 1 1 0 9 8 7 8 6 8 9 7 6 4 4 3 2 
2 5 1 0 1 0 0 0 1 1 6 1 4 1 8 2 0 1 6 1 2 1 0 9 8 7 6 5 6 6 7 7 6 5 3 3 3 
2 6 1 0 1 0 0 0 1 1 3 1 0 1 6 1 8 1 4 1 1 1 0 9 8 6 6 5 5 5 5 5 5 5 3 3 3 
2 7 1 0 1 0 0 0 0 1 2 6 1 2 1 5 1 3 1 1 9 8 7 6 5 5 4 4 4 4 5 5 3 3 3 
R U N N O . 1 P m a x k W 
J = 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
1 2 7 9 5 8 4 1 3 6 4 2 3 9 3 6 1 1 0 0 0 0 0 0 1 3 3 2 2 1 0 1 1 1 0 0 0 
1 3 1 2 1 1 1 1 9 4 7 7 6 9 6 5 6 8 5 0 1 8 7 4 1 1 1 0 2 2 1 1 1 1 0 1 1 0 0 0 
- 1 4 1 3 4 1 2 0 1 1 4 1 0 2 9 4 8 6 6 4 8 2 5 1 2 8 1 5 8 5 4 2 2 3 2 1 1 1 1 1 1 0 0 0 
1 5 1 5 9 1 5 0 1 3 3 1 1 9 9 6 9 3 9 4 8 5 6 5 4 4 2 7 1 7 1 2 9 7 5 4 3 2 1 1 1 1 1 1 0 0 
= 1 6 1 7 9 1 8 3 1 5 1 1 5 3 1 1 4 9 0 9 1 8 5 6 8 5 1 3 6 2 5 1 8 1 4 1 1 1 0 8 6 4 3 2 2 1 1 1 1 0 
1 7 9 7 1 6 4 1 7 2 1 6 3 1 4 6 1 0 2 6 6 8 4 7 5 5 9 4 4 3 3 2 4 1 8 1 3 1 2 1 1 9 7 5 3 2 2 2 1 1 0 
1 8 1 5 5 7 1 3 4 1 3 6 1 3 6 1 1 3 8 3 7 1 6 3 5 5 4 5 3 6 2 8 2 2 1 7 1 3 1 1 9 8 6 5 3 2 2 2 1 1 
1 9 0 1 | 4 0 8 6 1 0 0 9 7 7 9 6 3 5 2 4 4 3 8 3 3 2 8 2 4 2 0 1 6 1 3 1 0 8 7 5 4 3 3 2 2 1 
2 0 0 1 0 1 5 3 1 6 0 6 9 6 5 5 6 4 5 3 8 3 2 2 8 2 4 2 2 2 1 1 8 1 7 1 4 9 7 5 5 3 3 2 2 2 
= 2 1 1 0 0 1 0 8 2 7 4 3 4 8 4 6 4 0 3 3 2 7 2 2 2 0 1 8 1 7 1 6 1 6 1 6 1 4 1 0 6 5 4 3 3 2 2 
2 2 1 0 0 1 0 2 1 0 2 2 3 1 3 5 3 4 2 9 2 3 1 9 1 7 1 5 1 3 1 2 1 2 1 3 1 4 1 2 9 6 5 4 3 2 2 
= 2 3 0 1 0 1 0 1 3 1 1 2 0 2 5 2 7 2 5 2 0 1 5 1 4 1 3 1 1 1 0 1 0 1 0 1 0 1 1 1 0 7 5 4 3 3 2 
2 4 1 0 0 | 0 1 1 4 1 2 1 8 2 2 2 2 1 7 1 3 1 1 1 0 9 6 7 8 8 8 9 7 6 4 4 3 2 
2 5 1 0 1 0 0 0 1 1 6 1 4 1 8 2 0 1 6 1 2 1 0 9 8 7 6 5 6 6 7 7 6 5 3 3 3 
= 2 6 1 0 1 0 0 0 1 1 3 1 0 1 6 1 6 1 4 1 1 1 0 9 8 6 6 5 5 5 5 5 5 5 3 3 3 
2 7 1 0 1 0 0 0 0 1 2 6 1 2 1 5 1 3 1 1 9 8 7 6 5 5 4 4 4 4 5 5 3 3 3 
2 8 1 0 1 0 0 0 0 1 3 6 1 0 1 1 1 1 1 1 9 6 7 6 5 4 4 4 4 4 4 4 4 3 2 
2 9 0 | 0 0 0 0 0 3 6 9 8 9 1 0 8 7 7 6 5 4 4 3 4 4 3 3 2 
3 0 0 0 0 0 0 0 3 7 6 7 8 6 7 7 6 5 4 4 4 3 4 3 3 3 3 2 2 
3 1 0 0 0 0 0 0 3 7 6 5 7 7 6 7 7 5 3 4 4 3 3 3 3 3 3 3 1 
3 2 0 0 0 0 0 0 0 6 6 4 7 6 5 6 7 5 3 4 4 3 3 3 3 3 3 3 1 
3 3 0 0 0 0 0 0 0 7 6 5 6 4 4 6 6 5 3 3 4 3 3 3 2 3 3 3 2 
= 3 4 3 3 3 3 3 4 5 8 7 5 5 3 3 4 6 6 4 4 4 4 3 3 2 2 2 2 2 
3 5 4 5 6 7 7 7 7 6 5 5 3 0 2 3 5 6 5 5 4 4 3 2 2 2 2 2 2 
s 3 6 4 5 5 4 4 4 4 3 3 3 2 1 1 2 5 6 6 6 5 4 3 2 2 2 2 2 1 
= 3 7 6 6 5 4 3 3 2 1 2 4 3 2 3 4 5 5 5 5 4 3 3 3 2 1 1 0 1 
3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
R U N N O . 1 P m a x k W 
0 0 
J = 6 2 6 3 6 4 6 5 6 6 6 7 6 8 6 9 7 0 
1 0 0 0 0 0 0 0 0 0 1 
2 0 0 0 0 0 0 0 0 1 0 1 
3 1 1 0 0 0 0 0 0 | 0 
4 2 1 1 0 0 0 0 0 0 
5 2 1 0 0 0 0 0 0 0 
6 2 I 0 0 0 0 0 0 0 
7 2 1 1 1 0 0 0 0 0 
8 2 1 1 1 0 0 0 0 0 
9 1 1 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 
1 1 1 1 0 0 0 0 0 0 
1 2 1 1 1 0 0 0 0 0 0 
1 3 0 1 1 0 0 0 0 0 0 
1 4 1 1 1 0 0 0 0 0 0 
1 5 1 1 1 1 0 0 0 0 0 
1 £ 2 1 1 1 1 0 0 0 0 
1 7 2 2 1 1 0 0 0 0 
1 8 3 2 2 2 1 1 0 0 0 
1 9 4 3 3 2 2 1 1 0 0 
2 0 5 3 3 2 2 2 1 0 0 
2 1 5 3 3 2 2 1 1 0 
2 2 6 4 3 2 2 1 1 1 
2 3 7 5 4 3 3 2 1 0 1 
2 4 7 6 4 4 3 2 1 0 0 
2 5 7 6 5 3 3 3 1 1 0 
2 6 5 5 5 3 3 3 2 1 0 
r i 7 2 7 3 7 4 7 5 7 6 7 7 7 8 7 9 8 0 8 1 8 2 8 3 8 4 8 5 8 6 8 7 8 8 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 | 0 0 | 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 | 0 0 | 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 1 0 0 | 0 1 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
R U N N O . 1 P m a x k W 
> 
J - 6 2 6 3 6 4 6 5 6 6 6 7 6 8 6 9 7 0 
1 2 1 1 1 0 0 0 0 0 0 
1 3 0 1 1 0 0 0 0 0 0 
= 1 4 1 1 1 0 0 0 0 0 0 
= 1 5 1 1 1 1 0 0 0 0 0 
1 6 1 1 1 1 0 0 0 0 
n 2 2 2 1 1 0 0 0 0 
1 8 3 2 2 2 1 1 0 0 0 
1 9 4 3 3 2 2 1 1 0 0 
= 2 0 3 3 2 2 2 1 0 0 
= 2 1 5 4 3 3 2 2 1 1 0 
= 2 2 4 3 2 2 1 1 1 
S5 2 3 1 5 4 3 3 2 1 0 1 
1= 2 4 -1 4 4 3 2 1 0 0 
= 2 5 7 6 5 3 3 3 1 1 0 
= 2 6 5 5 5 3 3 3 2 1 0 
2 7 4 5 5 3 3 3 2 1 0 
2 8 4 4 4 4 3 2 2 1 1 
2 9 3 4 4 3 3 2 2 1 1 
3 0 3 3 3 3 2 2 1 1 
= 3 1 3 3 3 3 3 1 1 2 1 
= 3 2 3 3 3 3 3 1 1 1 1 
3 3 3 2 3 3 3 2 1 1 1 
3 4 3 2 2 2 2 2 1 1 0 
3 5 2 2 2 2 2 2 1 1 0 
3 6 2 2 2 2 2 1 1 1 0 
3 7 3 2 1 1 0 1 1 1 1 
3 8 0 0 0 0 0 0 0 0 0 
7 1 7 2 7 3 7 4 7 5 7 6 7 7 7 8 7 9 8 0 8 1 8 2 8 3 8 4 8 5 8 6 8 7 8 8 
0 0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 | 0 | 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 | 0 0 1 0 0 1 0 1 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 | 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 | 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 | 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 1 0 1 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 | 0 1 0 0 | 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 | 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
B U N N O . 1 P m e a n k W 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 5 7 5 4 5 0 4 7 4 4 4 2 3 9 3 7 3 4 3 1 2 9 2 6 2 4 2 2 2 0 1 8 1 6 1 5 1 3 1 2 1 2 1 1 1 1 1 0 1 0 1 1 1 1 
2 5 7 5 4 5 0 4 7 4 5 4 2 4 0 3 7 3 4 3 2 2 9 2 7 2 4 2 2 2 0 1 8 1 6 1 5 1 3 1 2 1 1 1 0 1 0 1 0 1 1 1 1 1 2 
3 5 6 5 2 4 8 4 6 4 4 4 0 3 7 3 4 3 1 2 9 2 8 2 6 2 3 2 0 1 8 1 6 1 3 1 2 1 0 8 7 7 7 8 1 0 1 1 1 2 
4 5 6 5 3 4 9 4 7 4 4 4 1 3 8 3 4 3 1 2 9 2 9 2 8 2 6 2 2 1 9 1 5 1 2 1 1 1 0 9 7 6 6 7 9 1 0 1 3 
= 5 5 5 5 2 4 8 4 5 4 2 3 8 3 6 3 3 3 1 3 0 3 0 3 0 3 2 2 9 2 3 1 8 1 5 1 3 1 2 1 0 9 7 5 6 8 1 1 1 3 
6 5 5 5 3 4 9 4 5 4 1 3 7 3 4 3 3 3 2 3 1 3 2 3 3 3 7 4 2 4 0 3 4 2 6 2 1 1 8 1 4 1 0 8 5 7 9 1 1 1 4 
IS 7 5 5 5 3 4 9 4 5 4 0 3 6 3 3 3 1 3 1 3 0 3 0 3 0 3 0 3 5 4 1 4 3 4 1 3 1 2 4 2 0 1 4 1 0 6 7 9 1 1 1 2 
= 8 5 5 5 3 4 9 4 5 3 9 3 4 3 1 3 0 3 0 3 1 3 0 3 0 2 7 2 7 2 7 2 9 3 5 3 5 2 9 1 9 1 4 9 5 5 7 9 1 0 
9 5 5 5 2 4 8 4 3 3 8 3 4 3 2 3 0 3 0 3 2 3 2 3 0 2 8 2 6 2 6 2 4 2 5 2 6 2 4 1 8 1 2 6 2 1 2 5 7 
1 0 5 5 5 1 4 8 4 2 3 7 3 4 3 2 3 1 3 0 3 1 3 1 3 1 2 9 2 7 2 7 2 7 2 6 2 2 1 9 1 5 8 3 0 0 1 2 4 
- 1 1 5 4 5 1 4 8 4 3 3 7 3 3 3 0 3 0 3 1 3 1 3 1 3 2 3 0 3 0 3 0 2 9 2 6 2 2 1 7 1 0 6 4 4 4 4 4 5 
1 2 5 4 5 1 4 8 4 4 3 9 3 4 3 1 3 0 3 1 3 1 3 1 3 2 3 1 3 1 3 1 3 1 2 9 2 5 2 0 1 2 8 9 1 1 1 0 8 7 7 
- 1 3 5 4 5 0 4 7 4 3 4 0 3 7 3 4 3 3 3 3 3 3 3 3 3 4 3 4 3 1 3 0 3 1 3 2 3 0 2 3 1 4 1 1 1 0 9 7 7 7 8 
- 1 4 5 4 5 0 4 7 4 3 4 1 3 9 3 7 3 5 3 5 3 6 3 7 3 7 3 8 3 5 2 9 2 9 3 3 3 6 2 4 1 0 6 5 4 3 3 3 4 
1 5 5 3 4 9 4 7 4 2 3 9 3 9 3 8 3 7 3 6 3 8 3 8 3 7 3 9 4 1 3 7 3 2 3 2 2 4 1 2 0 0 0 1 0 0 0 0 1 0 
= 1 6 5 4 4 8 4 5 3 9 3 5 3 5 3 6 3 7 3 7 3 8 3 9 3 9 3 9 4 0 3 9 3 3 2 5 6 1 0 1 0 0 1 0 0 0 1 0 1 0 0 
1 7 5 4 4 6 4 2 3 7 3 3 3 1 3 2 3 3 3 7 3 9 4 1 4 5 4 8 4 7 4 4 3 2 1 9 2 1 0 1 0 0 0 0 1 0 0 0 1 0 
=• 1 8 5 5 4 5 4 1 3 6 3 2 3 0 3 1 3 4 3 7 4 2 4 8 5 6 6 9 6 0 3 1 2 5 1 4 0 1 0 0 1 0 0 0 0 0 0 0 
1 9 5 5 4 6 4 2 3 7 3 2 3 0 3 1 3 4 3 7 4 4 5 5 6 3 7 2 4 7 2 7 2 0 9 0 0 1 0 0 1 0 0 0 0 0 0 
= 2 0 5 6 4 7 4 4 3 8 3 2 2 9 2 8 3 0 3 4 3 9 4 5 5 0 5 0 4 0 2 5 1 5 6 1 0 0 1 0 1 0 0 0 0 0 0 
2 1 5 7 4 8 4 5 4 0 3 5 3 0 2 8 2 8 3 0 3 1 3 2 3 5 3 7 3 5 2 2 1 2 5 1 0 0 1 0 0 1 0 0 0 0 0 
2 2 5 9 4 8 4 6 4 1 3 6 3 2 2 9 2 7 2 7 2 8 2 9 3 1 3 3 3 3 2 2 1 2 5 1 0 0 0 1 0 1 0 0 0 0 0 
2 3 5 9 4 9 4 7 4 2 3 7 3 2 2 9 2 6 2 6 2 6 2 8 3 0 3 1 3 0 2 3 1 2 5 1 0 0 0 1 0 1 0 0 0 0 0 
- 2 4 6 0 5 1 5 3 4 6 3 8 3 3 2 8 2 5 2 4 2 4 2 5 2 7 2 8 2 7 2 5 1 3 6 2 0 0 0 1 0 1 0 0 0 0 1 0 
2 5 6 0 5 5 6 0 4 9 4 0 3 2 2 7 2 4 2 3 2 3 2 4 2 5 2 7 2 9 2 9 1 7 7 3 0 0 1 0 0 | 0 0 0 0 1 0 
- 2 6 6 0 5 4 6 1 5 0 4 0 3 2 2 7 2 3 2 2 2 2 2 3 2 5 2 8 3 0 3 0 3 1 1 3 5 0 1 0 0 1 0 0 1 0 0 1 0 1 0 
2 7 5 9 5 4 6 3 5 2 4 1 3 2 2 6 2 2 2 0 2 0 2 2 2 4 2 6 3 1 3 5 4 1 3 0 1 7 6 1 0 0 0 0 0 1 0 1 0 1 0 
N O . 1 P m e a n k W 
J = 1 2 3 4 5 6 7 6 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 2 5 4 5 1 4 8 4 4 3 9 3 4 3 1 3 0 3 1 3 1 3 1 3 2 3 1 3 1 3 1 3 1 2 9 2 5 2 0 1 2 8 9 1 1 1 0 8 7 7 
1 3 5 4 5 0 4 7 4 3 4 0 3 7 3 4 3 3 3 3 3 3 3 3 3 4 3 4 3 1 3 0 3 1 3 2 3 0 2 3 1 4 1 1 1 0 9 7 7 7 8 
1 4 5 4 5 0 4 7 4 3 4 1 3 9 3 7 3 5 3 5 3 6 3 7 3 7 3 6 3 5 2 9 2 9 3 3 3 6 2 4 1 0 6 5 4 3 3 3 4 
1 5 5 3 4 9 4 7 4 2 3 9 3 9 3 8 3 7 3 6 3 8 3 8 3 7 3 9 4 1 3 7 3 2 3 2 2 4 1 2 0 0 0 1 0 0 0 0 1 0 
1 6 5 4 4 8 4 5 3 9 3 5 3 5 3 6 3 7 3 7 3 8 3 9 3 9 3 9 4 0 3 9 3 3 2 5 6 1 0 1 0 0 1 0 0 0 1 0 1 0 0 
n 5 4 4 6 4 2 3 7 3 3 3 1 3 2 3 3 3 7 3 9 4 1 4 5 4 8 4 7 4 4 3 2 1 9 2 1 0 1 0 0 0 0 1 0 0 0 | 0 
1 6 5 5 4 5 4 1 3 6 3 2 3 0 3 1 3 4 3 7 4 2 4 8 5 6 6 9 6 0 3 1 2 5 1 4 0 1 0 0 1 0 0 0 0 0 0 0 
1 9 5 5 4 6 4 2 3 7 3 2 3 0 3 1 3 4 3 7 4 4 5 5 6 3 7 2 4 7 2 7 2 0 9 0 0 1 0 0 1 0 0 0 0 0 0 
2 0 5 6 4 7 4 4 3 8 3 2 2 9 2 8 3 0 3 4 3 9 4 5 5 0 5 0 4 0 2 5 1 5 6 1 0 0 1 0 1 0 0 0 0 0 0 
2 1 5 7 4 8 4 5 4 0 3 5 3 0 2 8 2 8 3 0 3 1 3 2 3 5 3 7 3 5 2 2 1 2 5 1 0 0 1 0 0 1 0 0 0 0 0 
2 2 5 9 4 8 4 6 4 1 3 6 3 2 2 9 2 7 2 7 2 8 2 9 3 1 3 3 3 3 2 2 1 2 5 1 0 0 0 1 0 1 0 0 0 0 0 
2 3 5 9 4 9 4 7 4 2 3 7 3 2 2 9 2 6 2 6 2 6 2 8 3 0 3 1 3 0 2 3 1 2 5 1 0 0 0 1 0 1 0 0 0 0 0 
2 4 6 0 5 1 5 3 4 6 3 8 3 3 2 8 2 5 2 4 2 4 2 5 2 7 2 8 2 7 2 5 1 3 6 2 0 0 0 1 0 1 0 0 0 0 1 0 
2 5 6 0 5 5 6 0 4 9 4 0 3 2 2 7 2 4 2 3 2 3 2 4 2 5 2 7 2 9 2 9 1 7 7 3 0 0 1 0 0 1 0 0 0 0 1 0 
2 6 6 0 5 4 6 1 5 0 4 0 3 2 2 7 2 3 2 2 2 2 2 3 2 5 2 8 3 0 3 0 3 1 1 3 5 0 1 0 0 | 0 0 1 0 0 1 0 1 0 
2 7 5 9 5 4 6 3 5 2 4 1 3 2 2 6 2 2 2 0 2 0 2 2 2 4 2 6 3 1 3 5 4 1 3 0 1 7 6 1 0 0 0 0 0 1 0 1 0 1 0 
2 8 5 9 5 2 6 6 5 5 4 2 3 1 2 4 2 0 1 9 1 9 2 0 2 3 2 6 3 2 3 5 4 1 4 7 3 8 3 0 1 6 5 2 1 0 1 0 0 0 
2 9 5 6 5 1 7 5 6 2 4 3 2 9 2 2 1 9 1 6 1 9 2 1 2 4 2 6 3 2 3 5 3 9 4 1 4 4 4 0 3 4 2 2 1 4 6 5 3 1 1 0 
3 0 5 4 5 1 8 5 7 0 4 2 2 7 2 1 1 9 1 6 2 0 2 2 2 5 2 9 3 4 3 7 3 9 4 1 4 1 3 2 2 8 2 3 1 7 1 0 7 6 5 4 
3 1 5 1 4 5 8 0 7 4 3 6 2 5 2 1 1 9 1 9 2 2 2 5 2 7 3 1 3 5 3 7 3 9 4 5 4 4 3 6 2 7 1 7 1 2 9 6 5 4 4 
3 2 4 8 4 0 4 5 5 6 2 9 2 3 2 1 2 0 2 1 2 5 2 8 2 9 3 1 3 4 3 6 4 2 4 6 5 0 4 4 4 0 3 2 2 2 1 5 1 1 8 6 4 
3 3 4 6 3 6 2 1 2 8 2 4 2 2 2 1 2 1 2 3 2 7 2 9 3 0 3 2 3 6 3 8 3 9 4 2 4 8 4 6 4 3 4 2 3 9 3 3 2 6 2 1 1 7 1 3 
3 4 4 6 3 5 1 8 2 0 2 0 2 0 2 0 2 1 2 3 2 7 2 8 2 6 3 2 3 5 3 4 3 4 3 6 4 6 4 5 4 7 4 2 4 0 3 8 3 4 3 1 2 7 2 3 
3 5 4 8 3 9 2 0 1 5 1 8 2 0 2 1 2 1 2 3 2 6 2 7 2 7 3 2 3 3 3 0 3 1 3 7 3 6 3 7 3 8 3 6 3 6 3 4 3 1 2 8 2 5 2 1 
3 6 5 4 3 8 2 0 1 8 2 6 3 0 2 9 2 7 2 6 2 7 2 7 2 8 3 0 3 1 2 9 3 0 2 7 2 4 2 5 2 6 2 4 2 4 2 4 2 3 2 0 1 8 1 6 
3 7 5 6 4 1 2 7 3 4 4 6 5 5 5 2 4 6 4 1 3 7 3 5 3 3 3 3 3 2 3 1 3 1 2 5 2 3 2 3 2 2 2 1 2 0 2 0 1 9 1 7 1 5 1 3 
3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
R U N N O . 1 P m e a n k W 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
= 1 1 2 1 1 1 1 1 0 1 0 1 1 1 1 1 2 1 2 1 3 1 4 1 5 1 5 1 6 1 6 1 6 1 6 1 6 1 5 1 3 1 2 1 2 1 1 1 1 1 0 9 7 
2 1 1 1 0 1 0 1 0 1 1 1 1 1 2 1 2 1 4 1 5 1 6 1 6 1 6 1 6 1 7 I B 1 6 1 6 1 5 1 5 1 4 1 3 1 3 1 2 1 1 9 8 
3 1 1 7 8 1 0 1 1 1 2 1 3 1 5 1 6 1 7 1 7 1 6 1 5 1 5 1 6 1 5 1 5 1 6 1 7 1 7 1 5 1 4 1 3 1 1 1 0 9 
4 1 6 6 7 9 1 0 1 3 1 4 1 6 1 8 1 9 1 7 1 7 1 5 1 5 1 4 1 3 1 2 1 2 1 4 1 6 1 6 1 4 1 2 1 1 9 8 
5 9 1 5 6 8 1 1 1 3 1 5 1 7 1 9 1 8 1 7 1 7 1 6 1 5 1 3 1 2 1 0 9 1 0 1 3 1 6 1 3 1 1 1 0 8 6 
e 1 0 a 5 7 9 1 1 1 4 1 6 1 8 1 8 1 8 1 8 1 8 1 9 1 6 1 3 1 1 9 7 6 8 1 4 1 5 1 0 8 6 4 
1 1 4 1 0 6 7 9 1 1 1 2 1 3 1 5 1 6 1 7 1 8 I B 1 8 1 7 1 5 1 1 8 5 3 2 6 1 5 1 0 7 5 3 
= 8 1 4 9 5 5 7 9 1 0 1 1 1 3 1 5 1 7 1 9 2 0 2 0 2 0 1 8 1 4 1 1 7 2 0 0 9 1 0 6 5 2 
a) 9 1 2 6 2 1 2 5 7 9 1 2 1 4 1 6 1 9 2 2 2 2 2 3 2 3 1 9 1 4 1 1 5 0 0 5 1 1 6 5 3 
1 0 8 3 0 0 1 2 4 7 1 0 1 3 1 6 1 9 2 3 2 5 2 7 3 0 3 1 2 3 1 4 1 2 7 3 4 1 1 9 6 4 
- 1 1 6 4 4 4 4 4 5 6 9 1 2 1 5 1 9 2 4 2 9 3 2 3 6 4 4 4 3 3 0 2 2 1 8 1 1 9 1 3 1 4 1 1 9 
= 1 2 8 9 1 1 1 0 8 7 7 8 1 0 1 2 1 5 1 9 2 5 3 3 3 9 4 4 5 3 6 4 6 0 5 0 4 1 3 0 2 2 2 1 2 3 2 1 2 0 
1 3 1 1 1 0 9 7 7 7 8 9 1 1 1 3 1 6 2 0 2 6 3 7 4 3 5 6 5 7 6 6 7 0 6 8 6 3 5 8 4 9 4 1 3 8 3 6 3 8 
- 1 4 6 5 4 3 3 3 4 3 3 5 6 9 1 3 2 2 4 1 6 1 6 7 7 2 7 5 7 4 7 0 6 3 6 0 5 4 5 0 4 8 4 6 
1 5 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 3 9 2 2 4 0 5 6 7 6 8 7 8 3 8 0 7 1 6 3 5 1 5 0 5 2 
1 6 0 | 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 1 6 1 4 3 3 6 9 9 3 9 7 8 1 8 1 6 1 4 8 4 9 
n 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 ! 0 1 4 1 6 5 1 9 7 9 2 8 8 7 9 5 5 4 7 
1 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 3 0 7 2 7 4 7 3 6 1 4 4 
- 1 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 2 4 7 5 4 5 2 4 2 
2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O j 0 1 2 1 7 3 3 3 7 3 5 
2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 5 1 5 2 3 2 6 
2 2 0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 6 1 2 1 7 
2 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 2 6 1 1 
2 4 0 1 0 | 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 2 7 
2 5 1 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 3 
= 2 6 0 1 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 
21 0 0 0 0 | 0 1 0 1 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 
R U N N O . 1 P m o a n k W 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 2 8 9 1 1 1 0 8 7 7 8 1 0 1 2 1 5 1 9 2 5 3 3 3 9 4 4 5 3 6 4 6 0 5 0 4 1 3 0 2 2 2 1 2 3 2 1 2 0 
= 1 3 1 1 1 0 9 7 7 7 8 9 1 1 1 3 1 6 2 0 2 6 3 7 4 3 5 6 5 7 6 6 7 0 6 8 6 3 5 8 4 9 4 1 3 8 3 6 3 8 
= 1 4 6 5 4 3 3 3 4 3 3 5 6 9 1 3 2 2 4 1 6 1 6 7 7 2 7 5 7 4 7 0 6 3 6 0 5 4 5 0 4 8 4 6 
1 5 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 3 9 2 2 4 0 5 6 7 6 8 7 8 3 8 0 7 1 6 3 5 1 5 0 5 2 
a 1 6 0 1 0 0 0 | 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 1 6 1 4 3 3 6 9 9 3 9 7 8 1 8 1 6 1 4 8 4 9 
1 7 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 1 4 1 6 5 1 9 7 9 2 8 8 7 9 5 5 4 7 
= 1 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 3 0 7 2 7 4 7 3 6 1 4 4 
1 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 0 1 2 2 4 7 5 4 5 2 4 2 
2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 1 7 3 3 3 7 3 5 
2 1 1 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 | 0 5 1 5 2 3 2 6 
= 2 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 1 6 1 2 1 7 
2 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 2 6 1 1 
a 2 4 0 | 0 1 0 0 0 0 | 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 2 7 
2 5 1 0 0 1 0 0 0 0 1 0 | 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 3 
— 2 6 0 1 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 
2 7 0 0 0 0 | 0 1 0 1 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 
= 2 8 5 2 1 0 | 0 0 0 | 0 1 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 1 
a 2 9 2 2 1 4 e 5 3 11 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 
a 3 0 2 3 1 7 1 0 7 6 5 4 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
- 3 1 1 7 1 2 9 6 5 4 4 3 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
s 3 2 3 2 2 2 1 5 1 1 8 6 4 4 3 3 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
s 3 3 4 2 3 9 3 3 2 6 2 1 1 7 1 3 1 0 8 6 4 3 2 2 2 2 1 1 1 0 0 0 0 0 0 0 0 
3 4 4 2 4 0 3 8 3 4 3 1 2 7 2 3 1 7 1 2 9 7 5 4 3 3 3 2 2 2 2 2 1 1 1 1 1 2 
= 3 5 3 8 3 6 3 4 3 1 2 8 2 5 2 1 1 7 1 4 1 1 8 6 5 4 3 2 2 2 2 2 2 2 3 3 3 3 3 
= 3 6 2 4 2 4 2 4 2 3 2 0 1 8 1 6 1 3 1 1 9 8 6 5 4 3 2 2 2 2 2 2 2 2 2 2 2 1 
3 7 2 1 2 0 2 0 1 9 1 7 1 5 1 3 1 1 9 7 6 6 5 4 3 3 2 2 2 3 3 2 2 1 1 1 0 
a 3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
R U N N O . 1 P m e a n k H 
J = 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 6 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
= 1 1 2 1 2 1 1 1 1 1 0 9 7 6 6 6 5 4 3 3 3 2 1 1 1 0 0 0 0 0 0 0 0 
2 1 4 1 3 1 3 1 2 1 1 9 e 7 6 6 6 5 4 3 4 3 2 2 1 1 0 0 0 0 0 0 0 
3 1 7 1 5 1 4 1 3 1 1 1 0 9 8 8 7 7 6 5 4 4 4 4 4 3 2 1 0 0 0 0 0 0 
= 4 1 6 1 6 1 4 1 2 1 1 9 B 8 8 8 7 7 6 4 3 3 3 4 4 2 1 1 0 0 0 0 0 
5 1 3 1 6 1 3 1 1 1 0 8 6 5 6 6 7 7 6 4 3 2 1 2 3 2 1 1 0 0 0 0 0 
6 8 1 4 1 5 1 0 8 6 4 3 3 5 7 8 7 5 4 2 1 1 2 2 2 1 0 0 0 0 0 
7 2 6 1 5 1 0 7 5 3 1 1 2 4 6 9 6 4 3 1 0 1 1 1 1 0 0 0 0 0 
8 0 0 9 1 0 6 5 2 0 0 0 0 1 7 8 4 2 1 0 0 1 1 1 1 0 0 0 0 
- 9 0 0 5 1 1 6 5 3 0 0 0 0 0 0 5 5 3 1 0 0 0 0 0 0 0 0 0 0 
1 0 7 3 4 1 1 9 6 4 0 0 0 0 0 0 0 4 3 2 1 0 0 0 0 0 0 0 0 0 
1 1 I B 1 1 9 1 3 1 4 1 1 9 0 0 0 0 0 0 0 2 2 2 1 1 0 0 0 0 0 0 0 0 
1 2 4 1 3 0 2 2 2 1 2 3 2 1 2 0 6 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 
1 3 6 3 5 8 4 9 4 1 3 8 3 6 3 8 2 7 9 4 2 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 
1 4 7 0 6 3 6 0 5 4 5 0 4 8 4 6 4 5 2 8 1 5 8 4 2 2 1 1 1 1 0 0 0 0 0 0 0 0 0 
1 5 8 3 8 0 7 1 6 3 5 1 5 0 5 2 4 6 3 6 2 4 1 4 9 6 5 3 2 2 1 1 0 1 0 0 0 0 0 0 
1 6 9 3 9 7 e i 8 1 6 1 4 8 4 9 4 7 3 7 2 7 1 9 1 3 9 7 6 5 4 3 2 1 1 1 1 0 0 0 0 
1 7 5 1 9 7 9 2 8 8 7 9 5 5 4 7 4 6 4 1 3 2 2 4 1 7 ' 1 3 9 7 6 6 5 3 2 1 1 1 1 0 0 0 
1 8 1 2 3 0 7 2 7 4 7 3 6 1 4 4 3 8 3 4 3 0 2 4 2 0 1 5 1 2 9 7 6 5 4 3 2 1 1 1 1 0 0 
1 9 0 0 1 2 2 4 7 5 4 5 2 4 2 3 4 2 6 2 4 2 0 1 8 I S 1 3 1 0 8 7 5 4 3 3 2 1 1 1 1 0 
2 0 0 1 0 1 2 1 7 3 3 3 7 3 5 3 0 2 4 2 0 1 7 1 5 1 3 1 2 1 1 1 0 9 7 5 4 3 2 2 1 1 1 1 
2 1 1 0 0 1 0 5 1 5 2 3 2 6 2 5 2 1 1 7 1 4 1 2 1 1 1 0 9 9 9 9 7 5 3 3 2 2 1 1 1 
- 2 2 1 0 0 1 0 1 6 1 2 1 7 1 8 1 8 1 5 1 2 1 0 9 8 7 7 7 7 7 7 5 3 2 2 1 1 1 
2 3 0 1 0 1 0 0 2 6 1 1 1 3 1 4 1 3 1 0 8 7 7 6 5 5 5 6 6 5 4 3 2 2 1 1 
2 4 1 0 0 1 0 0 0 2 1 1 0 1 2 1 1 9 7 6 5 5 4 4 4 4 5 5 4 3 2 2 2 1 
2 5 1 0 1 0 0 0 0 0 3 7 1 0 1 1 8 6 5 4 4 3 3 3 3 3 4 4 3 2 2 2 1 
2 6 1 0 1 0 0 0 0 0 1 5 6 9 7 5 5 4 4 3 3 2 2 2 3 3 3 2 2 1 1 
2 7 1 0 1 0 0 0 0 0 1 3 6 7 7 5 4 4 4 3 2 2 2 2 2 2 2 2 2 1 1 
R U N N O . 1 P m o a n k W 
J = 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 S O 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
1 2 4 1 3 0 2 2 2 1 2 3 2 1 2 0 6 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 0 0 0 0 
= 1 3 6 3 5 8 4 9 4 1 3 8 3 6 3 8 2 7 9 4 2 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 
= 1 4 7 0 6 3 6 0 5 4 5 0 4 8 4 6 4 5 2 8 1 5 8 4 2 2 1 1 1 1 0 0 0 0 0 0 0 0 0 
1 5 8 3 8 0 7 1 6 3 5 1 5 0 5 2 4 6 3 6 2 4 1 4 9 6 5 3 2 2 1 1 0 1 0 0 0 0 0 0 
- 1 6 9 3 9 7 8 1 8 1 6 1 4 6 4 9 4 7 3 7 2 7 1 9 1 3 9 7 6 5 4 3 2 1 1 1 1 0 0 0 0 
1 7 5 1 9 7 9 2 8 8 7 9 5 5 4 7 4 6 4 1 3 2 2 4 1 7 1 3 9 7 6 6 5 3 2 1 1 1 1 0 0 0 
1 8 1 2 3 0 7 2 7 4 7 3 6 1 4 4 3 8 3 4 3 0 2 4 2 0 1 5 1 2 9 7 6 5 4 3 2 1 1 1 1 0 0 
= 1 9 0 0 1 2 2 4 7 5 4 5 2 4 2 3 4 2 8 2 4 2 0 1 8 1 5 1 3 1 0 8 7 5 4 3 3 2 1 1 1 1 0 
2 0 0 1 0 1 2 1 7 3 3 3 7 3 5 3 0 2 4 2 0 1 7 1 5 1 3 1 2 1 1 1 0 9 7 5 4 3 2 2 1 1 1 1 
= 2 1 1 0 0 | 0 5 1 5 2 3 2 6 2 5 2 1 1 7 1 4 1 2 1 1 1 0 9 9 9 9 7 5 3 3 2 2 1 1 1 
2 2 1 0 0 | 0 1 6 1 2 1 7 1 6 1 6 1 5 1 2 1 0 9 6 7 7 7 7 7 7 5 3 2 2 1 1 1 
2 3 0 1 0 1 0 0 2 6 1 1 1 3 1 4 1 3 1 0 8 7 7 6 5 5 5 6 6 5 4 3 2 2 1 1 
2 4 1 0 0 | 0 0 0 2 7 1 0 1 2 1 1 9 7 6 5 5 4 4 4 4 5 5 4 3 2 2 2 1 
= 2 5 1 0 | 0 0 0 0 0 3 7 1 0 1 1 8 6 5 4 4 3 3 3 3 3 4 4 3 2 2 2 1 
2 6 1 0 1 0 0 0 0 0 1 5 8 9 7 5 5 4 4 3 3 2 2 2 3 3 3 2 2 1 1 
= 2 7 1 0 1 0 0 0 0 0 1 3 6 7 7 5 4 4 4 3 2 2 2 2 2 2 2 2 2 1 1 
2 8 1 0 1 0 0 0 0 0 1 3 5 5 5 5 4 4 3 3 2 2 2 2 2 2 2 2 2 1 1 
2 9 0 1 0 0 0 0 0 1 3 4 4 4 4 4 3 3 3 2 2 2 2 2 2 2 2 2 1 1 
3 0 0 0 0 0 0 0 1 3 4 3 3 4 3 3 3 2 2 2 1 1 1 1 1 2 2 1 1 
3 1 0 0 0 0 0 0 1 3 3 2 3 3 3 3 3 2 1 2 2 1 1 1 1 1 1 1 
3 2 0 0 0 0 0 0 0 3 3 2 3 2 2 3 3 2 1 1 1 1 1 1 I 1 1 1 1 
3 3 0 0 0 0 0 0 0 3 3 2 2 2 1 2 3 2 1 1 1 1 1 1 1 1 1 1 1 
3 4 2 1 1 1 1 1 2 3 3 2 2 1 1 2 2 2 1 1 2 1 1 1 1 1 1 1 1 
a 3 5 2 2 3 3 3 3 3 2 2 2 1 0 0 1 2 2 2 2 2 1 1 1 1 1 1 1 1 
3 6 2 2 2 2 2 2 1 1 1 1 1 0 0 1 2 2 2 2 2 1 1 1 1 0 0 0 0 
3 7 3 2 2 1 1 1 0 0 1 1 1 1 1 1 2 2 2 2 2 1 1 1 0 0 0 0 0 
3 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
B U N N O . 1 P m e a n k W 
J = 6 2 6 3 6 4 6 5 6 6 6 7 6 8 6 9 7 0 7 1 7 2 7 3 7 4 7 5 7 6 7 7 7 8 7 9 8 0 8 1 8 2 8 3 8 4 8 5 8 6 8 7 8 8 
1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
c 5 I 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
= 6 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
= 7 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 1 1 0 0 0 0 0 0 0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 0 0 
= 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
- 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
9 l e 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
1 7 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
= 1 8 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 
- 1 9 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 
2 0 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 
2 1 2 2 1 1 ' 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 | 0 0 | 0 | 0 0 1 0 0 0 
2 2 3 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
= 2 3 3 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 
2 4 3 2 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
= 2 5 3 2 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
2 6 3 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
2 7 2 2 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 | 0 0 0 0 
R U N N O . 1 S p r i n g - m e a n f a c t o r ( a ) 
J - 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
= 1 5 4 5 4 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 2 5 2 5 2 5 2 5 1 5 2 5 1 5 1 5 1 5 1 5 2 5 2 
2 5 4 5 4 5 3 5 3 5 3 5 2 5 2 5 3 5 2 5 3 5 2 5 2 5 2 5 2 5 2 5 2 5 1 5 2 5 2 5 1 5 2 5 2 5 2 5 2 5 2 5 2 5 2 
= 3 5 3 5 3 5 2 5 1 5 1 5 1 5 1 5 2 5 1 5 1 5 1 5 1 5 0 5 0 4 9 4 9 4 9 4 8 4 8 4 7 4 6 4 7 5 1 5 4 5 2 5 0 5 0 
4 5 2 5 1 5 0 5 0 5 0 5 0 5 1 5 1 5 1 5 1 5 1 5 0 4 9 4 9 4 8 4 7 4 6 4 6 4 5 4 3 4 3 4 4 5 0 4 8 4 7 4 7 4 8 
5 5 1 5 0 4 9 4 9 4 9 5 0 5 0 5 1 5 1 5 1 5 0 5 0 5 0 4 9 4 8 4 7 4 6 4 7 4 6 4 5 4 4 4 4 4 5 4 1 4 3 4 5 4 7 
6 5 0 4 9 4 7 4 7 4 8 4 9 4 9 5 0 5 0 5 0 5 0 5 0 5 0 4 9 4 8 4 7 4 7 4 7 4 7 4 5 4 4 4 3 3 7 3 8 4 1 4 4 4 6 
7 4 9 4 8 4 7 4 7 4 7 4 8 4 9 4 9 5 0 5 0 5 0 4 9 5 0 4 9 4 8 4 7 4 7 4 7 4 8 4 6 4 5 4 4 3 6 3 7 4 1 4 4 4 5 
= 8 4 8 4 7 4 5 4 6 4 7 4 7 4 8 4 9 4 9 4 9 4 9 5 0 4 9 4 9 4 8 4 7 4 6 4 7 4 8 4 7 4 7 4 4 3 8 3 6 4 0 4 3 4 4 
9 4 7 4 6 4 5 4 5 4 6 4 7 4 8 4 8 4 9 4 9 4 9 4 9 4 8 4 8 4 7 4 7 4 7 4 8 4 8 4 8 4 8 4 7 4 3 3 7 4 1 4 3 4 4 
1 0 4 6 4 5 4 4 4 4 4 5 4 6 4 7 4 7 4 8 4 9 4 8 4 8 4 8 4 8 4 7 4 7 4 8 4 9 5 0 4 9 4 9 4 9 4 2 3 8 3 9 4 0 4 2 
B 1 1 4 5 4 4 4 3 4 4 4 4 4 5 4 6 4 7 4 7 4 8 4 8 4 8 4 8 4 8 4 8 4 9 4 9 5 0 5 0 4 6 4 5 4 0 4 0 4 1 4 1 4 1 4 1 
= 1 2 4 4 4 3 4 2 4 3 4 3 4 4 4 5 4 6 4 7 4 8 4 8 4 8 4 8 4 8 4 9 5 0 5 1 5 0 4 9 4 5 4 1 3 9 3 9 3 9 3 9 4 0 4 0 
1 3 4 3 4 3 4 2 4 2 4 3 4 4 4 4 4 5 4 6 4 7 4 7 4 8 4 8 4 8 5 0 5 1 5 1 5 0 4 8 4 4 4 1 3 9 3 9 3 8 3 8 3 9 3 9 
- 1 4 4 2 4 2 4 1 4 1 4 2 4 2 4 3 4 5 4 6 4 7 4 8 4 8 4 9 5 0 5 1 5 2 5 1 5 1 4 9 4 4 4 1 3 8 3 8 3 8 3 8 3 8 3 7 
1 5 4 1 4 1 4 0 4 0 4 0 4 2 4 3 4 4 4 6 4 7 4 8 4 9 5 0 5 0 5 2 5 2 5 2 5 3 1 5 2 4 3 4 0 3 8 1 3 7 3 9 4 0 3 7 1 3 6 
1 6 4 0 4 0 3 9 4 0 4 0 4 1 4 2 4 4 4 5 4 7 4 8 4 9 5 1 5 2 5 2 5 3 5 3 5 6 1 5 8 1 0 0 1 0 0 3 9 1 4 2 1 4 6 0 
1 7 3 9 3 9 3 9 3 9 4 0 4 0 4 2 4 4 4 6 4 7 4 9 5 0 5 1 5 3 5 4 5 5 5 4 5 5 1 0 1 0 0 0 0 1 0 0 0 | 0 
= 1 8 3 9 3 8 3 8 3 9 3 9 4 0 4 2 4 4 4 6 4 7 5 0 5 1 5 3 5 4 5 5 5 6 5 7 0 1 0 0 1 0 0 0 0 0 0 0 
= 1 9 3 9 3 7 3 8 3 9 3 9 3 9 4 1 4 3 4 5 4 8 5 0 5 2 5 3 5 4 5 5 5 6 5 8 0 0 1 0 0 1 0 0 0 0 0 0 
2 0 3 8 3 7 3 7 3 8 3 9 3 9 4 0 4 3 4 5 4 8 5 0 5 2 5 3 5 4 5 4 5 6 5 6 5 3 0 0 1 0 1 0 0 0 0 0 0 
2 1 3 8 3 7 3 7 3 9 3 9 3 9 4 0 4 2 4 4 4 7 5 0 5 2 5 3 5 4 5 5 5 5 5 4 5 1 5 1 0 1 0 0 1 0 0 0 0 0 
2 2 3 8 3 7 3 7 3 9 3 9 3 9 3 9 4 1 4 4 4 7 4 9 5 2 5 3 5 4 5 4 5 4 5 3 5 1 5 2 0 0 1 0 1 0 0 0 0 0 
2 3 3 8 3 7 3 7 3 8 3 9 3 8 3 9 4 1 4 3 4 6 4 9 5 1 5 2 5 3 5 4 5 3 5 2 5 0 5 1 0 0 1 0 1 0 0 0 0 0 
2 4 3 9 3 8 3 7 3 8 3 8 3 8 3 9 4 0 4 2 4 5 4 8 5 0 5 1 5 3 5 3 5 3 5 2 5 1 5 2 0 0 1 0 1 0 0 0 0 1 0 
2 5 3 9 3 8 3 7 3 8 3 8 3 8 3 9 4 0 4 2 4 4 4 7 4 9 5 1 5 2 5 3 5 3 5 3 5 2 0 0 1 0 0 1 0 0 0 0 1 0 
= 2 6 4 0 3 9 3 7 3 8 3 8 3 8 3 8 4 0 4 1 4 3 4 5 4 8 5 0 5 1 5 2 5 3 5 3 5 3 0 1 0 0 1 0 0 1 0 0 1 0 1 0 
2 7 4 1 4 0 3 7 3 8 3 8 3 8 3 8 3 9 4 0 4 2 4 4 4 6 4 8 5 0 5 1 5 2 5 2 5 2 5 1 1 5 0 5 2 0 0 0 1 0 1 0 1 0 
nm N O . 1 S p r i n g - m e a n f a c t o r ( a ) 
J = 1 2 3 4 5 6 7 6 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 2 4 4 4 3 4 2 4 3 4 3 4 4 4 5 4 6 4 7 4 6 4 8 4 8 4 8 4 8 4 9 5 0 5 1 5 0 4 9 4 5 4 1 3 9 3 9 3 9 3 9 4 0 4 0 
1 3 4 3 4 3 4 2 4 2 4 3 4 4 4 4 4 5 4 6 4 7 4 7 4 8 4 8 4 8 5 0 5 1 5 1 5 0 4 8 4 4 4 1 3 9 3 9 3 8 3 8 3 9 3 9 
= 1 4 4 2 4 2 4 1 4 1 4 2 4 2 4 3 4 5 4 6 4 7 4 8 4 6 4 9 5 0 5 1 5 2 5 1 5 1 4 9 4 4 4 1 3 6 3 8 3 8 3 6 3 8 3 7 
1 5 4 1 4 1 4 0 4 0 4 0 4 2 4 3 4 4 4 6 4 7 4 8 4 9 5 0 5 0 5 2 5 2 5 2 5 3 1 5 2 4 3 4 0 3 6 1 3 7 3 9 4 0 3 7 1 3 6 
1 6 4 0 4 0 3 9 4 0 4 0 4 1 4 2 4 4 4 5 4 7 4 8 4 9 5 1 5 2 5 2 5 3 5 3 5 6 1 5 8 1 0 0 1 0 0 3 9 1 4 2 1 4 6 0 
= 1 7 3 9 3 9 3 9 3 9 4 0 4 0 4 2 4 4 4 6 4 7 4 9 5 0 5 1 5 3 5 4 5 5 5 4 5 5 1 0 1 0 0 0 0 1 0 0 0 | 0 
I B 3 9 3 8 3 8 3 9 3 9 4 0 4 2 4 4 4 6 4 7 5 0 5 1 5 3 5 4 5 5 5 6 5 7 0 | 0 0 1 0 0 0 0 0 0 0 
= 1 9 3 9 3 7 3 8 3 9 3 9 3 9 4 1 4 3 4 5 4 8 5 0 5 2 5 3 5 4 5 5 5 6 5 8 0 0 1 0 0 1 0 0 0 0 0 0 
2 0 3 8 3 7 3 7 3 8 3 9 3 9 4 0 4 3 4 5 4 8 5 0 5 2 5 3 5 4 5 4 5 6 5 6 5 3 0 0 1 0 1 0 0 0 0 0 0 
= 2 1 3 8 3 7 3 7 3 9 3 9 3 9 4 0 4 2 4 4 4 7 5 0 5 2 5 3 5 4 5 5 5 5 5 4 5 1 5 1 0 1 0 0 1 0 0 0 0 0 
2 2 3 8 3 7 3 7 3 9 3 9 3 9 3 9 4 1 4 4 4 7 4 9 5 2 5 3 5 4 5 4 5 4 5 3 5 1 5 2 0 0 1 0 1 0 0 0 0 0 
2 3 3 8 3 7 3 7 3 8 3 9 3 8 3 9 4 1 4 3 4 6 4 9 5 1 5 2 5 3 5 4 5 3 5 2 5 0 5 1 0 0 1 0 1 0 0 0 0 0 
2 4 3 9 3 8 3 7 3 8 3 8 3 8 3 9 4 0 4 2 4 5 4 6 5 0 5 1 5 3 5 3 5 3 5 2 5 1 5 2 0 0 1 0 1 0 0 0 0 1 0 
2 5 3 9 3 8 3 7 3 8 3 6 3 8 3 9 4 0 4 2 4 4 4 7 4 9 5 1 5 2 5 3 5 3 5 3 5 2 0 0 1 0 0 1 0 0 0 0 1 0 
= 2 6 4 0 3 9 3 7 3 8 3 8 3 6 3 8 4 0 4 1 4 3 4 5 4 8 5 0 5 1 5 2 5 3 5 3 5 3 0 1 0 0 1 0 0 1 0 0 1 0 1 0 
2 7 4 1 4 0 3 7 3 8 3 8 3 6 3 8 3 9 4 0 4 2 4 4 4 6 4 6 5 0 5 1 5 2 5 2 5 2 5 1 1 5 0 5 2 0 0 0 1 0 1 0 1 0 
2 8 4 2 4 2 3 7 3 8 3 6 3 8 3 6 3 8 4 0 4 2 4 3 4 6 4 8 5 0 5 1 5 2 5 3 5 3 5 3 5 2 5 3 5 3 5 5 5 4 1 5 5 0 0 
2 9 4 3 4 4 3 7 3 9 3 9 3 7 3 6 3 8 4 0 4 2 4 4 4 5 4 7 4 8 5 0 5 2 5 3 5 4 5 5 5 5 5 4 5 4 5 5 5 5 5 6 5 4 1 0 
- 3 0 4 4 4 5 3 6 3 9 3 9 3 6 3 7 3 6 4 0 4 2 4 4 4 5 4 7 4 8 5 0 5 1 5 2 5 4 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 6 5 5 
3 1 4 5 4 7 3 3 4 0 3 7 3 5 3 7 3 9 4 0 4 3 4 4 4 5 4 6 4 8 4 9 5 0 5 2 5 2 5 3 5 5 5 5 5 6 5 6 5 6 5 7 5 7 5 7 
3 2 4 6 5 1 3 6 3 6 3 3 3 5 3 7 3 9 4 1 4 3 4 4 4 5 4 6 4 7 4 8 5 0 5 1 5 2 5 3 5 4 5 5 5 5 5 6 5 7 5 7 5 8 5 8 
3 3 4 6 5 1 5 9 2 5 3 3 3 5 3 7 3 9 4 1 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 1 5 2 5 3 5 4 5 4 5 5 5 5 5 6 5 6 5 6 5 6 
3 4 4 6 5 2 5 2 2 9 3 3 3 5 3 8 3 9 4 1 4 3 4 3 4 4 4 5 4 6 4 7 4 6 5 0 5 1 5 2 5 3 5 3 5 4 5 4 5 5 5 5 5 5 5 5 
a 3 5 4 6 4 7 5 5 3 9 3 5 3 4 3 6 3 6 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 2 5 3 5 3 5 3 5 3 5 4 5 3 
3 6 4 4 4 8 5 4 4 6 3 5 3 5 3 6 4 0 4 3 4 5 4 5 4 6 4 7 4 7 4 8 4 9 5 0 5 0 5 0 5 1 5 1 5 1 5 1 5 1 5 1 5 1 5 1 
3 7 4 4 4 9 5 6 4 1 3 5 3 6 4 0 4 2 4 4 4 5 4 6 4 7 4 8 4 8 4 8 4 9 4 9 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 4 9 4 9 
3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
RUU UO. 1 S p r i n g - m e a n f a c t o r ( a ) 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 5 2 5 1 5 1 5 1 5 1 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 3 5 3 5 3 5 3 5 3 5 4 5 4 
2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 1 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 2 5 3 5 2 5 2 
= 3 4 6 4 7 5 1 5 4 5 2 5 0 5 0 5 0 5 0 5 0 5 0 5 1 5 0 5 1 5 0 5 0 5 1 5 0 5 0 5 1 5 1 5 1 5 2 5 2 5 1 5 1 5 1 
4 4 3 4 4 5 0 4 8 4 7 4 7 4 8 4 6 4 9 4 9 4 9 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 1 5 2 5 2 5 3 5 3 5 2 5 1 
= 5 4 4 4 4 4 5 4 1 4 3 4 5 4 7 4 8 4 8 4 6 4 9 5 0 5 0 5 0 5 0 5 0 S O 5 0 4 9 4 9 5 0 5 2 5 2 5 3 5 3 5 4 5 3 
= 6 4 4 4 3 3 7 3 8 4 1 4 4 4 6 4 8 4 6 4 8 4 9 5 0 5 0 5 1 5 1 5 1 5 1 5 1 S O 4 8 4 9 5 1 5 3 5 3 5 3 5 5 5 4 
a 7 4 5 4 4 3 6 3 7 4 1 4 4 4 5 4 7 4 7 4 8 4 9 5 0 5 1 5 1 5 1 5 1 5 2 5 2 5 2 5 0 5 0 5 1 5 3 5 4 5 4 5 5 5 6 
= 6 4 7 4 4 3 8 3 6 4 0 4 3 4 4 4 6 4 7 4 7 4 6 4 9 5 0 5 1 5 2 5 2 5 2 5 3 5 3 5 4 0 0 5 5 5 5 5 4 5 5 5 8 
= 9 4 8 4 7 4 3 3 7 4 1 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 0 5 1 S 2 5 2 5 3 5 3 5 3 0 0 5 6 5 5 5 6 5 5 5 6 
- 1 0 4 9 4 9 4 2 3 8 3 9 4 0 4 2 4 4 4 6 4 7 4 8 4 8 5 0 5 0 S I 5 2 5 2 5 2 5 2 5 3 5 3 5 4 5 6 5 6 5 5 5 5 5 5 
1 1 4 5 4 0 4 0 4 1 4 1 4 1 4 1 4 3 4 4 4 6 4 7 4 8 4 9 5 0 5 0 5 1 5 2 5 2 5 2 5 2 5 2 5 3 5 5 5 6 5 5 5 5 5 6 
a 1 2 4 1 3 9 3 9 3 9 3 9 4 0 4 0 4 1 4 3 4 5 4 6 4 7 4 9 5 0 S O 5 1 5 1 5 1 5 2 5 2 5 2 5 2 5 4 5 5 5 5 5 5 5 5 
1 3 4 1 3 9 3 9 3 8 3 8 3 9 3 9 3 9 4 1 4 3 4 5 4 6 4 8 4 9 5 0 5 1 5 1 5 2 5 2 5 2 5 2 5 2 5 3 5 3 5 5 5 5 5 5 
= 1 4 4 1 3 8 3 8 3 8 3 6 3 8 3 7 3 8 3 9 4 2 4 4 4 6 4 7 4 8 4 9 S O 5 1 5 1 5 1 5 2 5 2 5 2 5 2 5 3 5 4 5 5 5 5 
1 5 4 0 3 8 1 3 7 3 9 4 0 3 7 1 3 6 3 7 3 9 4 1 1 4 5 4 7 4 6 4 9 4 9 S O 5 0 5 0 5 1 5 1 5 2 5 3 5 3 5 3 5 3 5 4 5 5 
= 1 6 0 1 0 0 3 9 1 4 2 1 4 6 0 1 0 0 1 0 0 0 0 0 0 1 5 2 5 1 5 1 5 1 5 1 5 2 5 3 5 3 5 3 5 3 5 3 5 4 
1 7 0 0 0 1 0 0 0 | 0 0 0 0 0 0 0 0 1 0 5 2 1 5 5 5 2 5 2 5 3 5 2 5 2 5 3 5 3 5 3 5 4 5 4 
1 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 0 0 0 1 5 5 5 4 5 4 5 4 5 3 5 3 5 3 
1 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 5 5 1 5 5 5 5 5 4 5 3 5 3 
2 0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 5 6 5 7 5 5 5 4 5 3 
B 2 1 1 0 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 5 8 5 7 5 4 5 3 
= 2 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 6 0 5 8 5 6 5 4 
= 2 3 0 1 0 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 ) 5 8 6 1 5 9 5 7 5 5 
2 4 0 1 0 | 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 6 1 5 9 5 7 5 6 
= 2 5 1 0 0 1 0 0 0 0 | 0 1 0 0 0 1 0 0 | 0 0 0 0 0 0 0 0 1 0 1 0 0 6 1 5 7 5 5 5 5 
2 6 0 1 0 0 1 0 0 1 0 | 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 6 4 5 8 5 3 5 3 
2 7 5 2 0 0 0 1 0 1 0 | 0 0 1 0 0 0 0 1 0 | 0 0 1 0 0 0 0 0 | 0 1 0 0 0 6 2 5 5 5 0 
B U N N O . 1 S p r i n g - m e a n f a c t o r ( a ) 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 2 4 1 3 9 3 9 3 9 3 9 4 0 4 0 4 1 4 3 4 5 4 6 4 7 4 9 5 0 5 0 5 1 5 1 5 1 5 2 5 2 5 2 5 2 5 4 5 5 5 5 5 5 5 5 
= 1 3 4 1 3 9 3 9 3 8 3 8 3 9 3 9 3 9 4 1 4 3 4 5 4 6 4 8 4 9 5 0 5 1 5 1 5 2 5 2 5 2 5 2 5 2 5 3 5 3 5 5 5 5 5 5 
— 1 4 4 1 3 8 3 8 3 8 3 8 3 8 3 7 3 8 3 9 4 2 4 4 4 6 4 7 4 8 4 9 5 0 5 1 5 1 5 1 5 2 5 2 5 2 5 2 5 3 5 4 5 5 5 5 
1 5 4 0 3 8 1 3 7 3 9 4 0 3 7 | 3 6 3 7 3 9 4 1 1 4 5 4 7 4 8 4 9 4 9 5 0 5 0 5 0 5 1 5 1 5 2 5 3 5 3 5 3 5 3 5 4 5 5 
= 1 6 0 1 0 0 3 9 1 4 2 1 4 6 0 1 0 0 | 0 0 0 0 0 0 1 5 2 5 1 5 1 5 1 5 1 5 2 5 3 5 3 5 3 5 3 5 3 5 4 
n 0 0 0 1 0 0 0 | 0 0 0 0 0 0 0 0 | 0 5 2 1 5 5 5 2 5 2 5 3 5 2 5 2 5 3 5 3 5 3 5 4 5 4 
1 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 O j 5 5 5 4 5 4 5 4 5 3 5 3 5 3 
1 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 5 5 1 5 5 5 5 5 4 5 3 5 3 
= 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 5 6 5 7 5 5 5 4 5 3 
- 2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 1 0 5 8 5 7 5 4 5 3 
2 2 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 1 0 6 0 5 8 5 6 5 4 
2 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 1 5 8 6 1 5 9 5 7 5 5 
2 4 0 1 0 1 0 0 0 0 1 0 0 0 0 0 | 0 0 0 0 0 0 0 0 0 | 0 0 1 0 6 1 5 9 5 7 5 6 
2 5 1 0 0 1 0 0 0 0 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 6 1 5 7 5 5 5 5 
2 6 0 1 0 0 1 0 0 1 0 | 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 6 4 5 8 5 3 5 3 
= 2 7 5 2 0 0 0 1 0 1 0 1 0 0 1 0 0 0 0 | 0 1 0 0 1 0 0 0 0 0 1 0 1 0 0 0 6 2 5 5 5 0 
2 8 5 3 5 3 5 5 5 4 1 5 5 0 0 1 0 1 0 5 9 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 1 0 0 0 6 9 5 4 4 9 
= 2 9 5 4 5 4 5 5 5 5 5 6 5 4 1 0 5 3 1 5 5 5 7 5 5 0 0 0 0 1 0 0 0 0 0 0 | 0 0 0 0 4 7 4 8 
3 0 5 5 5 5 5 5 5 6 5 5 5 6 5 5 5 5 5 6 5 5 5 5 5 7 5 6 0 0 0 0 0 0 0 0 0 0 0 0 0 4 7 
= 3 1 5 5 5 6 5 6 5 6 5 7 5 7 5 7 5 7 5 7 5 7 5 6 5 8 5 7 5 7 0 0 0 0 0 0 0 0 0 0 0 0 4 8 
3 3 2 5 5 5 5 5 6 5 7 5 7 5 8 5 8 5 8 5 8 5 7 5 7 5 6 5 6 5 6 5 5 5 7 6 0 5 8 0 0 0 0 0 0 0 0 0 
3 3 5 4 5 5 5 5 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 5 5 5 5 5 5 4 5 5 5 6 5 6 5 6 0 0 0 0 0 0 0 
= 3 4 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 4 5 3 5 4 5 3 5 4 5 4 5 3 5 4 5 3 5 4 5 4 5 2 5 0 4 9 4 7 4 5 
3 5 5 2 5 3 5 3 5 3 5 3 5 4 5 3 5 3 5 3 5 2 5 2 5 2 5 2 5 2 5 2 5 1 5 2 5 2 5 2 5 1 5 1 5 1 5 0 4 9 4 7 4 5 4 4 
3 6 5 1 5 1 5 1 5 1 5 1 5 1 5 1 5 0 5 0 5 1 5 0 5 0 4 9 4 9 4 9 4 9 4 9 5 0 4 8 4 9 4 9 4 8 4 8 4 6 4 5 4 3 4 2 
- 3 7 5 0 5 0 5 0 5 0 5 0 4 9 4 9 4 9 4 9 4 9 4 8 4 9 4 8 4 8 4 8 4 8 4 7 4 7 4 7 4 7 4 6 4 6 4 5 4 4 4 3 4 0 3 9 
= 3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
RUJJ N O . 1 S p r i n g - m e a n f a c t o r ( a ) 
> 
0 0 
J - 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
1 5 3 5 3 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 5 5 5 5 5 5 5 5 6 5 6 5 6 5 7 5 8 5 9 5 9 6 0 0 0 0 0 0 0 
2 5 2 5 2 5 2 5 2 5 3 5 2 5 2 5 2 5 3 5 4 5 4 5 4 5 5 5 5 5 6 5 6 5 7 5 8 5 6 5 6 6 0 0 0 0 0 0 0 
3 5 1 5 1 5 2 5 2 5 1 5 1 5 1 5 1 5 1 5 2 5 3 5 4 5 5 5 5 5 5 5 5 5 6 5 6 5 7 5 7 5 7 5 7 5 7 5 7 0 0 0 
= 4 5 1 5 2 5 2 5 3 5 3 5 2 5 1 5 1 5 1 5 2 5 3 5 4 5 5 5 6 5 6 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 7 5 8 0 0 0 
5 5 0 5 2 5 2 5 3 5 3 5 4 5 3 5 2 5 1 5 1 5 2 5 4 5 5 5 6 5 6 5 7 5 7 5 8 5 9 5 6 5 6 5 8 5 6 0 0 0 0 
6 4 9 5 1 5 3 5 3 5 3 5 5 5 4 5 2 5 1 5 1 5 1 5 3 5 5 5 6 5 7 5 7 5 7 5 8 5 9 5 9 5 9 5 9 5 8 0 0 0 0 
= 7 5 0 5 1 5 3 5 4 5 4 5 5 5 6 5 5 5 0 5 0 5 1 5 2 5 5 5 6 5 7 5 7 5 8 0 5 9 5 9 5 9 5 9 5 9 5 9 5 8 5 8 0 
e 0 0 5 5 5 5 5 4 5 5 5 8 6 5 4 7 0 0 5 5 5 5 5 7 5 7 5 7 5 7 0 0 5 9 5 9 5 9 5 8 5 6 5 8 5 8 0 
9 0 0 5 8 5 5 5 6 5 5 5 6 6 2 0 0 0 0 0 5 7 5 7 5 8 5 8 0 0 5 9 5 9 5 9 5 9 5 8 0 0 0 
•= 1 0 5 3 5 4 5 6 5 6 5 5 5 5 5 5 0 0 0 0 0 0 0 5 8 5 7 5 7 5 8 0 0 0 0 0 0 0 0 0 
1 1 5 2 5 3 5 5 5 6 5 5 5 5 5 6 0 0 0 0 0 0 0 5 8 5 8 5 8 5 6 5 7 0 0 5 8 5 7 0 0 0 0 
1 2 5 2 5 2 5 4 5 5 5 5 5 5 5 5 5 5 0 0 0 0 0 0 5 4 5 7 5 8 5 7 5 7 5 7 0 5 7 5 6 5 7 5 6 5 6 5 6 
= 1 3 5 2 5 2 5 3 5 3 5 5 5 5 5 5 5 5 5 5 5 4 5 4 4 6 4 6 4 8 5 2 5 4 5 7 5 7 5 7 5 7 5 8 5 6 5 6 5 6 5 5 5 6 5 5 
= 1 4 5 2 5 2 5 2 5 3 5 4 5 5 5 5 5 5 5 4 5 4 5 4 5 1 5 0 5 1 5 2 5 3 5 5 5 6 5 7 5 6 5 6 5 5 5 4 5 4 5 5 5 5 5 5 
1 5 5 2 5 3 5 3 5 3 5 3 5 4 5 5 5 5 5 5 5 4 5 3 5 2 5 2 5 1 5 3 5 3 5 4 5 5 5 6 5 5 5 5 5 4 5 4 5 5 5 5 5 4 5 4 
= 1 6 5 2 5 3 5 3 5 3 5 3 5 3 5 4 5 5 5 5 5 4 5 3 5 2 5 2 5 2 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 4 5 4 5 4 5 4 5 4 5 4 
— 1 7 5 2 5 2 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 3 5 2 5 3 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 5 4 
1 8 1 5 5 5 4 5 4 5 4 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 3 5 3 5 3 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 
1 9 0 5 5 1 5 5 5 5 5 4 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 4 5 3 5 4 5 4 5 4 5 4 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 6 5 6 
2 0 0 1 0 1 5 6 5 7 5 5 5 4 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 6 5 6 5 5 5 5 5 6 
- 2 1 1 0 0 | 0 5 8 5 7 5 4 5 3 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 5 5 5 5 5 5 5 5 6 5 6 5 6 5 6 5 5 5 5 5 6 5 6 
2 2 1 0 0 1 0 6 0 5 8 5 6 5 4 5 3 5 3 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 5 5 5 5 6 5 6 5 5 5 5 5 5 5 6 5 6 5 5 5 5 
= 2 3 0 1 0 1 5 8 6 1 5 9 5 7 5 5 5 4 5 3 5 3 5 2 5 3 5 4 5 4 5 4 5 4 5 5 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 5 5 5 
2 4 1 0 0 | 0 6 1 5 9 5 7 5 6 5 4 5 4 5 2 5 3 5 3 5 3 5 3 5 3 5 3 5 4 5 5 5 6 5 7 5 6 5 6 5 6 5 6 5 6 5 6 5 5 
2 5 1 0 1 0 0 6 1 5 7 5 5 5 5 5 4 5 3 5 3 5 2 5 3 5 2 5 2 5 2 5 3 5 3 5 4 5 5 5 6 5 6 5 6 5 6 5 6 5 5 5 5 5 5 
2 6 1 0 | 0 0 6 4 5 8 5 3 5 3 5 3 5 3 5 2 5 2 5 2 5 2 5 2 5 1 5 2 5 2 5 3 5 3 5 5 5 5 5 5 5 6 5 5 5 6 5 5 5 5 
2 7 1 0 1 0 0 0 6 2 5 5 5 0 5 0 5 1 5 1 5 3 5 1 5 0 5 0 5 1 5 1 5 1 5 2 5 3 5 4 5 4 5 5 5 5 5 4 5 4 5 5 5 5 
R U N N O . 1 S p r i n g - m e a n f a c t o r ( a ) 
J » 4 1 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
1 2 5 2 5 2 5 4 5 5 5 5 5 5 5 5 5 5 0 0 0 0 0 0 5 4 5 7 5 8 5 7 5 7 5 7 0 5 7 5 6 5 7 5 6 5 6 5 6 
1 3 5 2 5 2 5 3 5 3 5 5 5 5 5 5 5 5 5 5 5 4 5 4 4 6 4 6 4 8 5 2 5 4 5 7 5 7 5 7 5 7 5 8 5 6 5 6 5 6 5 5 5 6 5 5 
= 1 4 5 2 5 2 5 2 5 3 5 4 5 5 5 5 5 5 5 4 5 4 5 4 5 1 5 0 5 1 5 2 5 3 5 5 5 6 5 7 5 6 5 6 5 5 5 4 5 4 5 5 5 5 5 5 
1 5 5 2 5 3 5 3 5 3 5 3 5 4 5 5 5 5 5 5 5 4 5 3 5 2 5 2 5 1 5 3 5 3 5 4 5 5 5 6 5 5 5 5 5 4 5 4 5 5 5 5 5 4 5 4 
1 6 5 2 5 3 5 3 5 3 5 3 5 3 5 4 5 5 5 5 5 4 5 3 5 2 5 2 5 2 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 4 5 4 5 4 5 4 5 4 5 4 
= n 5 2 5 2 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 3 5 2 5 3 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 5 4 
= I S 1 5 5 5 4 5 4 5 4 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 3 5 3 5 3 5 3 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 
- 1 9 0 5 5 1 5 5 5 5 5 4 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 4 5 3 5 4 5 4 5 4 5 4 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 6 5 6 
2 0 0 1 0 1 5 6 5 7 5 5 5 4 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 6 5 6 5 5 5 5 5 6 
2 1 1 0 0 1 0 5 8 5 7 5 4 5 3 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 4 5 5 5 5 5 5 5 5 5 6 5 6 5 6 5 6 5 5 5 5 5 6 5 6 
2 2 1 0 0 1 0 6 0 5 8 5 6 5 4 5 3 5 3 5 3 5 3 5 3 5 4 5 4 5 4 5 4 5 5 5 5 5 6 5 6 5 5 5 5 5 5 5 6 5 6 5 5 5 5 
= 2 3 0 1 0 1 5 8 6 1 5 9 5 7 5 5 5 4 5 3 5 3 5 2 5 3 5 4 5 4 5 4 5 4 5 5 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 5 5 5 
2 4 1 0 0 | 0 6 1 5 9 5 7 5 6 5 4 5 4 5 2 5 3 5 3 5 3 5 3 5 3 5 3 5 4 5 5 5 6 5 7 5 6 5 6 5 6 5 6 5 6 5 6 5 5 
= 2 5 1 0 1 0 0 6 1 5 7 5 5 5 5 5 4 5 3 5 3 5 2 5 3 5 2 5 2 5 2 5 3 5 3 5 4 5 5 5 6 5 6 5 6 5 6 5 6 5 5 5 5 5 5 
2 6 1 0 | 0 0 6 4 5 8 5 3 5 3 5 3 5 3 5 2 5 2 5 2 5 2 5 2 5 1 5 2 5 2 5 3 5 3 5 5 5 5 5 5 5 6 5 5 5 6 5 5 5 5 
= 2 7 1 0 | 0 0 0 6 2 5 5 5 0 5 0 5 1 5 1 5 3 5 1 5 0 5 0 5 1 5 1 5 1 5 2 5 3 5 4 5 4 5 5 5 5 5 4 5 4 5 5 5 5 
2 8 1 0 1 0 0 0 6 9 5 4 4 9 4 9 4 9 5 0 5 1 5 0 5 0 S O 5 0 5 0 5 1 5 1 5 2 5 3 5 3 5 3 5 3 5 3 5 4 5 5 5 5 
2 9 0 1 0 0 0 0 4 7 4 8 4 9 4 8 4 9 4 8 4 8 4 9 4 8 4 9 4 9 5 0 5 0 5 1 5 1 5 1 5 1 5 1 5 3 5 4 5 4 5 4 
3 0 0 0 0 0 0 0 4 7 4 8 4 8 4 7 4 7 4 7 4 8 4 7 4 7 4 7 4 9 5 0 4 9 4 9 4 9 4 9 5 0 5 1 5 2 5 2 5 3 
= 3 1 0 0 0 0 0 0 4 8 4 8 4 7 4 6 4 6 4 5 4 6 4 7 4 6 4 6 4 7 4 8 4 7 4 8 4 8 4 8 4 9 5 0 5 1 5 1 5 1 
B 3 2 0 0 0 0 0 0 0 4 7 4 6 4 5 4 5 . 4 4 4 5 4 5 4 6 4 6 4 5 4 5 4 6 4 7 4 7 4 7 4 8 4 9 5 0 5 0 5 1 
= 3 3 0 0 0 0 0 0 0 4 6 4 4 4 4 4 3 4 2 4 4 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 4 6 4 6 4 8 4 9 5 0 5 1 
3 4 5 4 5 4 5 2 5 0 4 9 4 7 4 5 4 4 4 3 4 2 4 2 4 2 4 2 4 4 4 5 4 5 4 5 4 4 4 4 4 4 4 4 4 5 4 6 4 7 4 8 4 9 5 0 
3 5 5 1 5 1 5 0 4 9 4 7 4 5 4 4 4 3 4 2 4 1 4 1 0 4 1 4 3 4 3 4 4 4 4 4 3 4 3 4 4 4 4 4 5 4 6 4 6 4 7 4 8 4 9 
3 6 4 9 4 8 4 8 4 6 4 5 4 3 4 2 4 1 4 0 4 1 4 1 4 1 4 1 4 2 4 2 4 3 4 3 4 3 4 3 4 4 4 4 4 4 4 5 4 5 4 7 4 7 4 7 
3 7 4 6 4 6 4 5 4 4 4 3 4 0 3 9 3 9 4 0 4 0 4 0 4 1 4 1 4 2 4 2 4 2 4 3 4 3 4 3 4 4 4 4 4 5 4 5 4 6 4 7 4 6 4 7 
3 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
R U N N O . 1 S p r i n g - m e a n f a c t o r ( s ) 
U > 
J = 6 2 6 3 6 4 6 5 6 6 6 7 6 8 6 9 7 0 
= 1 0 0 0 0 0 0 0 0 0 1 
- 2 0 0 0 0 0 0 0 0 1 0 1 
3 5 7 5 7 5 7 0 0 0 0 0 1 0 
4 5 7 5 7 5 8 0 0 0 0 0 0 
= 5 5 8 5 8 0 0 0 0 0 0 0 
6 5 9 5 8 0 0 0 0 0 0 0 
7 5 9 5 9 5 9 5 8 5 8 0 0 0 0 
= e 5 9 5 8 5 8 5 8 5 8 0 0 0 0 
= 9 5 9 5 9 5 8 0 0 0 0 0 0 
- 1 0 0 0 0 0 0 0 0 5 5 5 4 
1 1 5 8 5 7 0 0 0 0 5 6 5 5 5 4 
1 2 5 7 5 6 5 7 5 6 5 6 5 6 5 5 5 4 5 5 
1 3 5 6 5 6 5 6 5 5 5 6 5 5 5 5 5 4 5 5 
1 4 5 5 5 4 5 4 5 5 5 5 5 5 5 4 5 4 0 
1 5 5 4 5 4 5 5 5 5 5 4 5 4 5 4 5 4 0 
= 1 6 5 4 5 4 5 4 5 4 5 4 5 4 5 4 5 5 0 
1 7 5 5 5 5 5 5 5 4 5 4 5 4 5 4 5 5 5 5 
= 1 8 5 5 5 5 5 5 5 4 5 5 5 5 5 6 5 6 5 6 
1 9 5 5 5 5 5 5 5 5 5 6 5 6 5 7 5 7 5 7 
2 0 5 5 5 6 5 6 5 5 5 5 5 6 5 6 5 7 5 7 
2 1 5 6 5 6 5 5 5 5 5 6 5 6 5 7 5 8 5 9 
2 2 5 5 5 5 5 6 5 6 5 5 5 5 5 6 5 9 5 9 
2 3 5 6 5 6 5 6 5 6 5 5 5 5 5 5 5 8 5 8 
2 4 5 6 5 6 5 6 5 6 5 6 5 5 5 6 5 7 5 8 
2 5 5 6 5 6 5 6 5 5 5 5 5 5 5 6 5 6 5 7 
2 6 5 5 5 6 5 5 5 6 5 5 5 5 5 5 5 6 5 5 
2 7 5 5 5 5 5 4 5 4 5 5 5 5 5 5 5 5 5 6 
7 1 7 2 7 3 7 4 7 5 7 6 7 7 7 8 7 9 8 0 8 1 6 2 6 3 8 4 8 5 8 6 8 7 8 6 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
— - — — -> • — — 
0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 | 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
5 3 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
5 4 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 5 4 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 5 4 5 3 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
5 5 5 4 5 4 5 3 5 2 0 0 1 0 0 | 0 0 0 0 0 0 0 0 0 
5 7 5 6 5 4 5 4 5 5 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 
5 8 5 7 5 8 5 6 5 7 0 0 0 1 0 | 0 0 1 0 0 0 0 1 0 0 0 
5 8 5 9 5 8 5 7 5 7 5 6 5 2 0 1 0 0 1 0 0 1 0 1 0 0 1 0 0 0 
5 9 5 9 5 9 5 9 0 5 9 5 6 0 0 0 0 0 1 0 0 1 0 0 0 0 
5 9 5 8 6 0 5 9 0 5 8 5 8 0 0 0 0 0 1 0 1 0 0 0 0 0 
5 8 5 7 5 8 5 6 5 9 5 8 5 9 0 0 0 0 0 1 0 0 1 0 0 0 0 
5 8 5 8 5 8 5 7 5 8 5 9 5 9 6 2 0 0 0 0 1 0 0 1 0 0 0 0 
5 6 5 7 5 8 5 6 5 8 5 7 5 9 5 9 0 0 0 0 1 0 0 1 0 0 0 0 
5 5 5 7 5 7 5 7 5 6 5 6 5 6 5 7 0 0 0 0 0 1 0 1 0 0 0 0 
R U N N O . 1 0 E M A 2 c m / a 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 
1 1 0 1 1 0 1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 1 1 0 1 
= 2 1 0 1 1 0 1 1 0 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
- 3 1 0 0 1 0 0 9 7 9 6 9 5 9 6 9 6 9 6 9 5 9 5 9 5 9 5 
4 1 0 0 9 9 9 7 9 6 9 5 9 5 9 4 9 4 9 4 9 4 9 4 9 4 
= 5 9 9 9 9 9 6 9 5 9 5 9 5 9 5 9 5 9 5 9 5 9 5 9 5 
tx 6 9 9 9 8 9 6 9 4 9 4 9 4 9 4 9 4 9 4 9 5 9 5 9 6 
7 9 8 9 7 9 5 9 4 9 4 9 4 9 3 9 3 9 3 9 4 9 5 9 5 
Si 8 9 8 9 7 9 5 9 4 9 4 9 3 9 3 9 3 9 3 9 4 9 5 9 5 
9 9 7 9 7 9 4 9 4 9 4 9 3 9 3 9 3 9 4 9 4 9 6 9 7 
1 0 9 7 9 6 9 4 9 4 9 4 9 4 9 4 9 4 9 4 9 5 9 6 9 8 
= 1 1 9 6 9 5 9 4 9 3 9 4 9 3 9 3 9 3 9 3 9 4 9 5 9 7 
1 2 9 6 9 5 9 3 9 3 9 3 9 2 9 2 9 2 9 3 9 3 9 5 9 6 
= 1 3 9 5 9 4 9 1 9 1 9 2 9 2 9 2 9 2 9 2 9 3 9 4 9 5 
14 9 5 9 3 9 0 8 9 9 0 9 0 9 0 9 0 9 1 9 1 9 2 9 4 
a 1 5 9 4 9 2 8 9 8 8 8 9 8 9 8 8 8 8 8 9 8 9 9 0 9 1 
Zi I f i 9 4 9 1 8 7 8 6 8 7 8 7 8 7 8 7 8 7 8 8 8 8 9 0 
P. 1 7 9 3 9 0 8 6 8 5 8 6 8 6 8 6 8 6 8 6 8 6 6 6 8 7 
= 1 8 9 3 9 0 8 5 8 4 8 5 8 5 8 5 8 5 8 4 8 4 8 4 8 5 
1 9 9 3 9 1 8 6 8 5 8 5 8 5 8 5 8 4 8 4 8 3 8 3 6 4 
2 0 9 3 9 1 8 8 8 7 8 7 8 6 8 5 8 4 8 4 6 3 8 2 8 2 
2 1 9 3 9 1 8 8 8 7 8 7 8 6 8 5 8 3 8 2 8 2 8 1 6 0 
- 2 2 9 3 9 2 8 9 8 7 8 7 8 5 8 4 8 3 8 1 6 0 7 9 7 8 
2 3 9 3 9 2 8 9 8 7 8 6 8 4 8 3 8 2 8 1 7 9 7 7 7 6 
2 4 9 3 9 2 8 9 8 7 8 6 8 4 8 3 8 2 8 0 7 9 7 7 7 5 
2 5 9 3 9 2 8 8 8 6 8 5 8 4 8 2 8 1 8 0 7 9 7 7 7 5 
= 2 6 9 3 9 2 8 8 8 5 8 5 8 3 8 2 8 0 7 9 7 8 7 6 7 5 
---- 2 7 9 4 9 1 8 7 8 4 8 4 8 3 8 1 8 0 7 9 7 6 7 7 7 5 
1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 0 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 0 0 
9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 0 0 1 0 0 1 0 1 1 0 2 1 0 3 1 0 3 1 0 3 1 0 4 
9 5 9 5 9 5 9 5 9 6 9 7 9 8 9 9 1 0 1 1 0 4 1 0 6 1 0 7 1 0 8 1 0 8 1 0 9 
9 4 9 4 9 5 9 6 9 7 9 8 1 0 0 1 0 2 1 0 4 1 0 6 1 0 9 1 1 1 1 1 2 1 1 2 1 1 2 
9 5 9 6 9 6 9 7 9 9 1 0 0 1 0 3 1 0 5 1 0 8 1 1 0 1 1 2 1 1 4 1 1 6 1 1 6 1 1 6 
9 6 9 6 9 7 9 8 1 0 0 1 0 2 1 0 4 1 0 7 1 1 0 1 1 3 1 1 6 1 1 8 1 1 6 1 1 8 1 1 9 
9 7 9 7 9 8 9 9 1 0 1 1 0 3 1 0 6 1 0 9 1 1 2 1 1 5 1 1 9 1 2 2 1 2 1 1 1 8 1 1 7 
9 7 9 8 9 9 1 0 0 1 0 2 1 0 5 1 0 7 1 1 1 1 1 4 1 1 7 1 1 9 1 2 5 1 2 7 1 2 2 1 1 7 
9 8 1 0 0 1 0 2 1 0 3 1 0 5 1 0 8 1 1 0 1 1 3 1 1 6 1 2 1 1 2 3 1 2 6 1 3 2 1 3 1 1 2 3 
9 9 1 0 2 1 0 4 1 0 6 1 0 8 1 1 1 1 1 3 1 1 6 1 1 7 1 1 9 1 2 1 1 2 1 1 2 9 1 3 7 1 3 3 
9 9 1 0 1 1 0 3 1 0 6 1 0 9 1 1 2 1 1 5 1 1 7 1 1 8 1 1 7 1 1 6 1 1 4 1 1 4 1 1 9 1 2 5 
9 6 1 0 0 1 0 3 1 0 5 1 0 9 1 1 3 1 1 8 1 2 1 1 2 2 1 2 0 1 1 8 1 1 5 1 1 3 1 1 1 1 0 8 
9 7 9 9 1 0 1 1 0 4 1 0 6 1 1 3 1 1 8 1 2 4 1 2 8 1 2 8 1 2 8 1 2 7 1 2 4 1 2 0 1 0 8 
9 6 9 8 1 0 0 1 0 3 1 0 7 1 1 1 1 1 5 1 2 1 1 2 7 1 2 7 1 2 2 1 2 6 1 2 7 1 2 0 9 6 
9 3 9 6 9 9 1 0 2 1 0 6 1 1 0 1 1 5 1 2 0 1 2 6 1 3 0 1 1 8 1 0 6 1 0 6 1 0 0 6 8 
9 1 9 4 9 6 1 0 0 1 0 3 1 0 7 1 1 2 1 1 7 1 2 1 1 2 8 1 2 7 1 1 3 1 0 9 9 6 6 4 
8 9 9 1 9 4 9 7 1 0 0 1 0 4 1 0 7 1 1 0 1 1 5 1 2 0 1 2 7 1 2 3 1 0 4 7 4 4 2 
8 6 8 8 9 1 9 4 9 8 1 0 2 1 0 5 1 0 7 1 0 8 1 1 2 1 1 4 1 0 9 9 4 7 3 3 9 
8 4 6 5 8 7 8 9 9 3 9 6 9 9 1 0 1 1 0 1 9 5 6 0 6 8 6 1 5 4 1 2 6 
8 2 6 2 8 3 8 5 8 7 6 9 9 1 9 3 9 2 8 5 6 8 4 6 3 8 3 6 | 2 6 
8 0 8 0 6 1 8 2 8 3 8 5 8 6 8 6 8 5 8 0 6 9 5 5 4 5 4 6 5 2 
7 7 7 7 7 7 7 6 7 9 8 0 6 0 8 0 8 0 7 7 7 3 6 5 5 8 5 7 5 6 
7 5 7 4 7 4 7 4 7 5 7 5 7 5 7 5 7 6 7 6 7 4 7 2 6 9 6 8 6 6 
7 3 7 2 7 1 7 0 6 9 6 9 6 9 7 1 7 3 7 5 7 5 7 5 7 6 7 5 7 4 
7 4 7 1 6 9 6 7 6 5 6 4 6 6 6 9 7 3 7 4 7 5 7 6 7 9 6 0 8 0 
7 3 7 1 6 9 6 6 6 4 6 2 6 5 6 9 7 2 7 4 7 5 7 7 8 1 6 2 8 3 
7 4 7 1 6 9 6 7 6 5 6 5 6 7 7 0 7 3 7 4 7 5 7 6 6 1 6 3 8 4 
R U N N O . 1 0 E M A 2 c m / a 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 7 9 3 9 0 8 6 8 5 8 6 8 6 8 6 8 6 8 6 8 6 8 6 8 7 6 9 9 1 9 4 9 7 1 0 0 1 0 4 1 0 7 1 1 0 1 1 5 1 2 0 1 2 7 1 2 3 1 0 4 7 4 4 2 
= 1 8 9 3 9 0 8 5 8 4 8 5 8 5 8 5 8 5 8 4 8 4 8 4 8 5 8 6 6 6 9 1 9 4 9 8 1 0 2 1 0 5 1 0 7 1 0 8 1 1 2 1 1 4 1 0 9 9 4 7 3 3 9 
1 9 9 3 9 1 8 6 8 5 8 5 8 5 8 5 8 4 8 4 8 3 8 3 6 4 8 4 8 5 6 7 6 9 9 3 9 6 9 9 1 0 1 1 0 1 9 5 6 0 6 6 6 1 5 4 1 2 6 
2 0 9 3 9 1 8 8 8 7 8 7 8 6 8 5 8 4 8 4 8 3 8 2 8 2 6 2 8 2 8 3 6 5 8 7 8 9 9 1 9 3 9 2 8 5 6 8 4 8 3 8 3 6 1 2 6 
2 1 9 3 9 1 8 8 8 7 8 7 8 6 8 5 8 3 8 2 8 2 6 1 8 0 8 0 8 0 8 1 8 2 8 3 8 5 8 6 8 6 8 5 8 0 6 9 5 5 4 5 4 6 5 2 
s 2 2 9 3 9 2 8 9 8 7 8 7 8 5 8 4 8 3 8 1 8 0 7 9 7 8 7 7 7 7 7 7 7 8 7 9 8 0 6 0 8 0 6 0 7 7 7 3 6 5 5 8 5 7 5 8 
= 2 3 9 3 9 2 8 9 8 7 8 6 8 4 8 3 8 2 8 1 7 9 7 7 7 6 7 5 7 4 7 4 7 4 7 5 7 5 7 5 7 5 7 6 7 6 7 4 7 2 6 9 6 6 6 6 
2 4 9 3 9 2 8 9 8 7 8 6 8 4 8 3 8 2 8 0 7 9 7 7 7 5 7 3 7 2 7 1 7 0 6 9 6 9 6 9 7 1 7 3 7 5 7 5 7 5 7 6 7 5 7 4 
2 5 9 3 9 2 8 8 8 6 8 5 8 4 8 2 8 1 8 0 7 9 7 7 7 5 7 4 7 1 6 9 6 7 6 5 6 4 6 6 6 9 7 3 7 4 7 5 7 6 7 9 6 0 8 0 
2 6 9 3 9 2 8 8 8 5 8 5 8 3 8 2 8 0 7 9 7 8 7 6 7 5 7 3 7 1 6 9 6 6 6 4 6 2 6 5 6 9 7 2 7 4 7 5 7 7 8 1 8 2 8 3 
= 2 7 9 4 9 1 8 7 8 4 8 4 8 3 8 1 8 0 7 9 7 8 7 7 7 5 7 4 7 1 6 9 6 7 6 5 6 5 6 7 7 0 7 3 7 4 7 5 7 6 8 1 8 3 8 4 
= 2 8 9 4 9 2 8 5 8 3 8 3 8 3 8 2 8 0 7 9 7 9 7 8 7 7 7 6 7 3 7 1 6 6 6 7 6 7 6 9 7 1 7 4 7 5 7 6 7 8 8 1 6 3 8 5 
= 2 9 9 5 9 2 8 6 8 3 8 2 8 1 8 1 8 0 7 9 7 8 7 8 7 7 7 6 7 5 7 3 7 1 6 9 6 9 7 0 7 2 7 5 7 6 7 6 7 8 8 1 8 3 8 5 
= 3 0 9 5 9 4 8 8 8 5 8 3 8 2 8 0 7 9 7 8 7 8 7 7 7 7 7 6 7 6 7 5 7 4 7 2 7 1 7 2 7 3 7 5 7 7 7 7 7 9 8 1 6 3 8 5 
•= 31 9 6 9 5 9 0 8 7 8 5 8 3 8 2 8 0 7 9 7 8 7 7 7 7 7 6 7 6 7 6 7 5 7 4 7 4 7 4 7 4 7 6 7 7 7 8 8 0 6 1 8 3 8 4 
3 2 9 7 9 7 9 4 9 0 8 8 8 5 8 4 8 2 8 0 7 9 7 8 7 7 7 7 7 7 7 7 7 7 7 6 7 6 7 5 7 6 7 7 7 6 7 9 8 0 8 2 8 3 6 4 
3 3 9 9 9 9 9 7 9 4 9 1 8 8 8 6 8 5 8 3 8 1 6 0 7 6 7 8 7 8 7 8 7 9 7 8 7 8 7 6 7 7 7 8 7 9 8 0 6 2 8 3 8 3 8 4 
= 3 4 1 0 1 1 0 2 9 9 9 7 9 4 9 1 8 9 8 7 8 5 8 3 8 1 6 0 7 9 7 9 8 0 6 0 6 0 8 0 8 0 8 0 8 0 8 1 6 1 6 3 8 4 8 4 8 5 
3 5 1 0 4 1 0 4 1 0 1 9 9 9 7 9 4 9 1 8 9 8 7 8 5 8 3 8 2 8 1 8 1 8 1 8 1 8 1 8 1 6 1 8 1 8 2 8 2 8 3 8 4 8 5 8 5 8 5 
3 6 1 0 6 1 0 7 1 0 4 1 0 1 9 9 9 6 9 3 9 1 8 8 8 7 8 5 8 4 6 2 8 2 8 2 8 2 8 2 8 2 8 2 8 3 8 3 8 3 6 4 6 5 8 6 8 6 6 6 
3 7 1 0 9 1 1 0 1 0 7 1 0 3 1 0 1 9 8 9 5 9 2 8 9 8 8 8 6 8 5 8 4 8 3 8 3 8 3 8 3 8 3 8 3 8 3 8 4 8 4 8 4 8 5 8 6 8 6 6 6 
3 8 1 1 4 1 1 4 1 1 0 1 0 6 1 0 3 9 9 9 6 9 3 9 0 8 9 8 7 6 5 8 4 8 4 8 3 8 3 8 3 6 3 8 3 8 3 8 3 8 3 6 4 8 5 8 6 8 6 6 6 
3 9 1 1 8 1 1 8 1 1 2 1 0 8 1 0 5 1 0 0 9 6 9 3 9 0 8 9 8 7 8 5 6 4 8 3 8 3 8 2 8 2 8 1 8 1 8 1 8 2 8 1 8 1 8 4 6 5 8 5 8 4 
4 0 1 2 3 1 2 2 1 1 4 1 1 1 1 0 7 1 0 2 9 8 9 4 9 1 6 8 8 6 8 5 8 3 8 2 8 1 8 0 7 9 7 9 7 9 7 8 7 8 7 8 7 7 8 0 8 3 6 2 6 1 
4 1 1 3 0 1 2 7 1 2 0 1 1 5 1 1 0 1 0 5 1 0 1 9 7 9 4 9 1 8 9 8 7 8 5 8 3 8 2 8 0 7 9 7 8 7 7 7 6 7 5 7 5 7 4 7 5 7 6 7 6 7 5 
4 2 
4 3 
1 3 3 1 3 1 1 2 4 1 1 9 1 1 3 1 0 9 1 0 5 1 0 1 9 8 9 5 9 2 9 0 6 8 8 6 8 4 8 2 8 0 7 9 7 8 7 6 7 6 7 5 7 4 1 7 3 7 3 7 2 7 2 
R U N N O . 1 0 E M A 2 an/a 
00 
M 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 6 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 1 0 0 1 0 0 1 0 0 1 0 1 1 0 0 1 0 0 1 0 0 1 0 0 9 9 9 9 9 8 9 6 9 5 9 2 9 0 8 7 8 3 8 0 7 7 7 4 7 1 6 9 6 7 6 5 6 4 6 4 6 5 
2 1 0 0 1 0 1 1 0 2 1 0 3 1 0 3 1 0 3 1 0 4 1 0 4 1 0 4 1 0 5 1 0 7 1 1 0 1 1 0 1 0 6 9 9 9 3 8 9 8 4 7 9 7 4 7 0 6 5 6 1 5 6 5 3 5 3 5 6 
- 3 1 0 1 1 0 4 1 0 6 1 0 7 1 0 8 1 0 6 1 0 9 1 1 0 1 1 1 1 1 2 1 1 7 1 2 4 1 3 0 1 2 3 1 1 0 1 0 1 9 6 8 8 7 6 7 1 6 5 5 8 4 9 4 6 5 3 6 0 6 4 
4 1 0 4 1 0 6 1 0 9 1 1 1 1 1 2 1 1 2 1 1 2 1 1 2 1 1 3 1 1 4 1 1 7 1 2 3 1 3 1 1 2 6 1 1 5 1 0 2 9 9 9 3 7 7 6 6 5 9 5 2 4 4 4 3 5 1 6 1 6 5 
5 1 0 8 1 1 0 1 1 2 1 1 4 1 1 6 1 1 6 1 1 6 1 1 6 1 1 4 1 1 5 1 1 3 1 1 8 1 2 7 1 2 6 1 2 0 1 1 1 1 0 1 9 9 6 1 6 4 5 4 4 4 3 9 3 9 4 3 5 7 6 5 
6 1 1 0 1 1 3 1 1 6 1 1 8 1 1 8 1 1 8 1 1 9 1 2 0 1 1 7 1 1 6 1 1 4 1 1 0 1 1 8 1 2 1 1 1 7 1 1 7 1 0 6 9 7 6 4 6 8 5 2 3 8 3 0 3 3 1 3 7 5 7 7 1 
— 7 1 1 2 1 1 5 1 1 9 1 2 2 1 2 1 1 1 8 1 1 7 1 1 9 1 1 7 1 1 7 1 1 9 1 0 8 1 0 7 1 1 1 1 1 0 1 1 2 1 1 1 6 9 7 5 6 6 4 4 3 1 2 4 1 2 6 1 4 2 6 7 8 1 
= B 1 1 4 1 1 7 1 1 9 1 2 5 1 2 7 1 2 2 1 1 7 l i e 1 1 5 1 1 5 1 2 1 1 1 0 9 6 9 7 1 0 1 9 8 9 4 7 0 4 6 1 0 1 9 1 4 0 1 2 3 1 6 2 8 8 9 4 
s 9 1 1 6 1 2 1 1 2 3 1 2 6 1 3 2 1 3 1 1 2 3 1 2 3 1 1 5 1 0 2 1 1 0 1 1 0 9 5 8 4 8 1 7 6 | 4 1 2 6 1 2 1 0 1 * * * • • * | 1 7 0 | 4 4 1 0 5 1 2 6 1 1 5 
1 0 1 1 7 1 1 9 1 2 1 1 2 1 1 2 9 1 3 7 1 3 3 1 2 8 1 2 4 9 9 9 1 9 4 8 4 7 1 5 3 | 2 2 0 1 7 8 1 6 3 1 7 4 1 4 6 
1 1 1 1 8 1 1 7 1 1 6 1 1 4 1 1 4 1 1 9 1 2 5 1 2 6 1 3 0 1 0 5 8 1 7 5 6 7 5 2 1 2 4 0 1 4 9 1 4 8 1 9 2 2 0 1 1 8 2 
1 2 1 2 2 1 2 0 1 1 8 1 1 5 1 1 3 1 1 1 1 0 8 1 0 7 1 1 6 1 0 2 7 2 5 3 4 4 3 0 1 9 1 9 3 1 . * * 5 6 1 5 2 2 0 0 2 0 5 1 8 9 
1 3 1 2 8 1 2 8 1 2 8 1 2 7 1 2 4 1 2 0 1 0 8 8 5 7 8 6 6 4 5 2 8 1 5 6 2 3 8 2 1 3 6 1 7 0 1 7 4 1 4 2 
a 1 4 1 2 7 1 2 7 1 2 2 1 2 6 1 2 7 1 2 0 9 6 5 1 2 1 1 9 1 1 5 7 8 1 3 0 6 6 1 0 6 1 3 3 1 2 7 1 0 2 
1 5 1 2 6 1 3 0 1 1 8 1 0 6 1 0 6 1 0 0 6 8 3 9 1 3 1 3 1 3 6 6 8 9 1 1 0 3 9 0 7 3 
1 6 1 2 1 1 2 8 1 2 7 1 1 3 1 0 9 9 6 6 4 2 2 1 7 1 4 5 7 3 9 1 9 2 8 0 7 7 
E 1 7 1 1 5 1 2 0 1 2 7 1 2 3 1 0 4 7 4 4 2 1 6 3 2 0 1 5 2 7 6 9 0 8 6 7 6 8 5 
= 1 8 1 0 8 1 1 2 1 1 4 1 0 9 9 4 2 0 1 5 5 7 7 8 9 8 6 8 1 8 8 
a 1 9 1 0 1 9 5 6 0 6 8 6 1 5 4 1 2 6 2 1 1 6 0 8 1 9 0 9 0 9 4 1 0 0 
= 2 0 9 2 8 5 6 8 4 8 3 8 3 6 2 6 2 0 1 6 1 1 *** ... *«* «** ... «* * *•• *•* ... 2 5 6 5 8 5 9 1 9 4 1 0 0 1 0 7 
2 1 8 5 8 0 6 9 5 5 4 5 4 6 5 2 4 6 4 2 3 8 2 5 2 5 2 8 2 6 2 7 2 3 1 2 4 2 7 2 7 1 3 9 6 7 1 0 0 1 0 4 1 0 3 1 0 0 1 0 2 1 0 7 
2 2 8 0 7 7 7 3 6 5 5 8 5 7 5 8 5 7 5 9 6 1 5 8 5 9 6 7 6 5 6 6 6 0 6 2 6 8 7 1 9 2 1 3 1 1 3 0 1 1 4 1 0 7 1 0 3 1 0 2 1 0 4 
2 3 7 6 7 6 7 4 7 2 6 9 6 6 6 6 6 7 6 9 7 2 7 2 7 4 6 0 8 0 8 2 8 1 6 3 8 9 9 6 1 0 6 1 2 5 1 2 1 1 1 0 1 0 5 1 0 2 1 0 1 1 0 1 
2 4 7 3 7 5 7 5 7 5 7 6 7 5 7 4 7 5 7 6 7 9 8 0 8 2 6 4 8 6 8 8 9 0 9 3 9 9 1 0 4 1 1 0 1 1 4 1 1 0 1 0 6 1 0 2 9 9 9 7 9 5 
2 5 7 3 7 4 7 5 7 6 7 9 6 0 8 0 8 0 8 1 6 3 8 4 8 6 6 7 8 8 9 1 9 3 9 6 1 0 0 1 0 3 1 0 5 1 0 5 1 0 3 1 0 1 9 9 9 5 9 1 8 7 
2 6 7 2 7 4 7 5 7 7 8 1 8 2 8 3 8 3 8 5 8 5 8 7 8 8 6 8 6 9 9 2 9 4 9 6 9 8 9 9 9 9 9 9 9 8 9 7 9 4 9 2 8 8 8 3 
2 7 7 3 7 4 7 5 7 8 8 1 8 3 6 4 6 5 6 6 8 7 8 7 8 8 6 9 9 0 9 2 9 3 9 4 9 4 9 4 9 4 9 3 9 3 9 3 9 2 9 0 8 9 8 0 
R U N N O . 1 0 E M A 2 c m / a 
> 
00 
J = 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 6 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 7 1 1 5 1 2 0 1 2 7 1 2 3 1 0 4 7 4 4 2 1 6 1 3 1 2 0 1 5 2 7 6 9 0 6 6 7 6 8 5 
1 8 1 0 8 1 1 2 1 1 4 1 0 9 9 4 7 3 3 9 1 6 2 0 1 5 5 7 7 6 9 8 6 8 1 8 8 
1 9 1 0 1 9 5 8 0 6 8 6 1 5 4 1 2 6 2 1 1 6 0 8 1 9 0 9 0 9 4 1 0 0 
2 0 9 2 8 5 6 8 4 8 3 8 3 6 1 2 6 2 0 1 6 1 1 ...| « * * ** * *** •••I * • * ...| *** ...| 2 5 6 5 6 5 9 1 9 4 1 0 0 1 0 7 
2 1 8 5 8 0 6 9 5 5 4 5 4 6 5 2 4 6 4 2 3 8 1 2 5 2 5 2 6 2 6 2 7 2 3 1 2 4 2 7 2 7 1 3 9 6 7 1 0 0 1 0 4 1 0 3 1 0 0 1 0 2 1 0 7 
2 2 8 0 7 7 7 3 6 5 5 8 5 7 5 8 5 7 5 9 6 1 5 8 5 9 6 7 6 5 6 6 6 0 6 2 6 8 7 1 9 2 1 3 1 1 3 0 1 1 4 1 0 7 1 0 3 1 0 2 1 0 4 
2 3 7 6 7 6 7 4 7 2 6 9 6 8 6 6 6 7 6 9 7 2 7 2 7 4 8 0 6 0 8 2 8 1 8 3 8 9 9 6 1 0 8 1 2 5 1 2 1 1 1 0 1 0 5 1 0 2 1 0 1 1 0 1 
2 4 7 3 7 5 7 5 7 5 7 6 7 5 7 4 7 5 7 6 7 9 6 0 6 2 8 4 6 6 8 6 9 0 9 3 9 9 1 0 4 1 1 0 1 1 4 1 1 0 1 0 6 1 0 2 9 9 9 7 9 5 
= 2 5 7 3 7 4 7 5 7 6 7 9 8 0 8 0 8 0 8 1 8 3 8 4 8 6 8 7 8 8 9 1 9 3 9 6 1 0 0 1 0 3 1 0 5 1 0 5 1 0 3 1 0 1 9 9 9 5 9 1 8 7 
2 6 7 2 7 4 7 5 7 7 8 1 8 2 8 3 8 3 8 5 8 5 8 7 8 6 8 8 6 9 9 2 9 4 9 6 9 8 9 9 9 9 9 9 9 8 9 7 9 4 9 2 8 8 8 3 
= 2 7 7 3 7 4 7 5 7 8 8 1 8 3 8 4 6 5 8 6 8 7 8 7 6 8 8 9 9 0 9 2 9 3 9 4 9 4 9 4 9 4 9 3 9 3 9 3 9 2 9 0 8 9 8 0 
2 8 7 4 7 5 7 6 7 8 8 1 8 3 8 5 8 7 6 7 8 8 6 6 8 8 6 9 8 9 9 1 9 3 9 3 9 1 9 1 9 0 6 9 8 9 6 9 6 9 8 7 9 4 8 4 
2 9 7 5 7 6 7 6 7 8 8 1 8 3 8 5 8 7 8 8 6 8 8 7 6 8 8 6 8 9 9 0 9 2 9 1 8 9 8 6 8 7 8 5 8 5 6 5 8 4 8 1 8 7 9 1 
3 0 7 5 7 7 7 7 7 9 8 1 8 3 8 5 8 7 6 8 8 8 6 7 8 7 8 7 6 8 8 9 9 1 9 0 6 7 6 6 6 5 8 3 8 2 8 3 6 3 8 2 6 2 8 5 
3 1 7 6 7 7 7 8 8 0 8 1 8 3 8 4 8 6 8 7 8 8 6 7 8 7 8 7 8 7 8 6 8 9 6 9 8 7 8 5 8 4 8 2 8 1 6 1 8 2 8 2 8 2 8 3 
= 3 2 7 7 7 8 7 9 8 0 8 2 8 3 8 4 8 5 8 7 8 8 8 7 8 7 6 7 8 7 8 8 6 8 6 7 8 6 8 4 6 2 6 2 8 1 8 1 8 1 6 2 8 1 8 1 
3 3 7 8 7 9 8 0 8 2 8 3 8 3 8 4 8 6 8 7 6 7 8 7 8 7 6 7 8 7 8 7 6 7 8 6 8 5 8 3 8 2 6 0 8 0 6 0 8 1 8 1 8 0 6 0 
3 4 8 0 8 1 8 1 8 3 8 4 8 4 8 5 8 5 6 7 8 8 6 8 8 7 8 7 6 7 8 7 8 7 8 6 6 4 6 2 8 0 8 0 7 9 7 9 8 1 6 0 7 9 7 9 
3 5 8 2 8 2 8 3 8 4 8 5 8 5 8 5 6 5 8 7 8 9 6 8 6 6 8 7 6 7 8 7 8 6 8 6 8 4 6 1 7 9 7 8 7 7 7 8 7 9 6 0 7 9 7 7 
3 6 8 3 8 3 8 4 8 5 8 6 8 6 8 6 6 5 8 7 6 9 8 9 8 8 8 7 8 7 8 7 6 6 8 6 8 5 6 1 7 8 7 8 7 6 7 6 7 7 7 8 7 7 7 6 
3 7 8 4 8 4 8 4 8 5 8 6 8 6 8 6 6 6 8 7 8 9 8 9 8 8 8 7 8 7 8 7 6 6 8 5 8 4 6 1 7 8 7 7 7 5 7 4 7 5 7 7 7 6 7 4 
3 8 8 3 8 3 8 4 8 5 8 6 8 6 8 6 8 5 8 7 6 6 8 8 8 7 8 6 8 6 8 6 6 5 8 4 6 3 8 0 7 7 7 6 7 4 7 3 7 4 7 5 7 4 7 2 
3 9 8 2 8 1 8 1 8 4 8 5 8 5 8 4 6 3 8 5 6 6 6 6 8 5 6 4 8 4 8 4 6 3 6 2 B O 7 9 7 7 7 4 7 2 7 1 7 2 7 3 7 2 7 0 
4 0 7 8 7 8 7 7 8 0 8 3 8 2 6 1 8 1 8 1 6 2 8 2 8 1 8 1 8 1 6 1 8 0 7 9 7 7 7 7 7 5 7 2 7 0 7 0 7 0 7 1 7 0 6 9 
4 1 7 5 7 5 7 4 7 5 7 6 7 6 7 5 7 5 7 5 7 5 7 5 7 5 7 4 7 5 7 5 7 4 7 3 7 2 7 2 7 1 6 9 6 8 6 8 6 8 6 6 6 8 6 7 
4 2 7 6 7 5 7 4 7 3 7 3 7 2 7 2 7 2 7 1 7 1 7 1 7 1 7 1 7 1 7 1 7 0 7 0 6 9 6 9 6 9 6 6 6 6 6 6 6 7 6 7 6 7 6 7 
4 3 
R T O N O . 1 0 E M A 2 c m / a 
> 
0 0 
N J 
0 0 
J = 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 S O 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
1 6 9 6 7 6 5 6 4 6 4 6 5 6 6 6 8 7 1 7 5 7 9 8 3 8 7 9 0 9 2 9 4 9 4 9 4 9 3 9 1 8 9 8 7 8 6 6 5 8 6 8 5 
2 6 5 6 1 5 6 5 3 5 3 5 6 5 9 6 4 6 9 7 4 7 8 8 2 8 5 8 7 8 8 8 9 8 9 8 8 8 5 8 2 7 9 7 6 7 6 7 9 6 5 8 4 
3 5 8 4 9 4 6 5 3 6 0 6 4 6 6 7 1 8 0 8 7 9 2 9 7 1 0 1 1 0 4 1 0 3 1 0 1 9 7 9 2 8 6 8 0 7 3 6 8 6 6 7 3 6 4 8 2 
4 5 2 4 4 4 3 5 1 6 1 6 5 6 2 6 3 7 1 8 2 9 1 1 0 2 1 1 2 1 1 6 1 1 4 1 0 9 1 0 5 1 0 0 9 3 8 6 7 8 7 3 7 3 7 8 8 4 6 0 
- 5 4 4 3 9 3 9 4 3 5 7 6 5 6 0 5 4 6 0 7 3 9 4 1 1 0 1 2 2 1 2 5 1 2 1 1 1 5 1 0 9 1 0 2 9 6 8 9 8 3 7 8 7 7 6 0 6 3 7 7 
6 3 8 3 0 3 3 1 3 7 5 7 7 1 6 3 5 1 5 8 7 9 1 1 5 1 3 0 1 3 8 1 3 7 1 3 0 1 2 2 1 1 3 1 0 5 9 9 9 3 8 7 8 3 7 9 8 1 7 9 7 2 
7 3 1 2 4 1 2 6 1 4 2 6 7 8 1 7 0 5 5 6 9 1 0 9 1 4 8 1 5 6 1 5 3 1 4 6 1 3 6 1 2 5 1 1 5 1 0 7 1 0 1 9 7 9 3 8 9 8 5 8 3 7 6 6 7 
8 1 4 0 1 2 3 1 6 2 8 8 9 4 7 7 6 1 8 5 1 4 1 1 6 6 1 6 4 1 5 7 1 4 9 1 3 7 1 2 5 1 1 5 1 0 7 1 0 3 1 0 0 9 8 9 5 9 1 8 6 7 5 6 4 
9 1 1 7 0 1 4 4 1 0 5 1 2 6 1 1 5 8 4 6 7 1 0 9 1 6 3 1 5 8 1 6 1 1 6 0 1 5 1 1 3 9 1 2 5 1 1 3 1 0 6 1 0 3 1 0 2 1 0 0 9 8 9 6 9 5 7 7 6 1 
1 0 1 1 8 2 0 1 7 8 1 6 3 1 7 4 1 4 6 9 7 1 6 3 1 2 1 1 1 5 8 1 5 5 1 5 4 1 4 5 1 4 3 1 3 6 1 2 5 1 1 2 1 0 3 9 9 9 9 1 0 0 9 9 1 0 2 1 0 0 7 9 6 1 
= 11 0 1 4 9 1 4 8 1 9 2 2 0 1 1 8 2 1 0 5 1 7 3 1 1 2 2 1 1 2 6 1 4 0 1 4 3 1 4 0 1 4 0 1 3 5 1 2 5 1 1 0 9 8 9 5 9 6 1 0 0 1 0 6 1 0 7 9 7 7 7 6 2 
= 1 2 1 . . . 5 6 1 5 2 2 0 0 2 0 5 1 8 9 1 2 8 1 3 9 4 2 9 8 1 4 0 1 5 1 1 5 0 1 4 4 1 3 5 1 2 2 1 0 5 9 2 9 0 9 5 1 0 4 1 0 9 1 0 1 8 9 7 4 6 3 
= 1 3 1 2 3 8 2 1 3 6 1 7 0 1 7 4 1 4 2 8 9 3 0 4 5 1 2 3 1 6 3 1 6 5 1 5 5 1 4 4 1 3 2 1 1 6 9 6 8 0 8 1 9 3 1 0 4 1 0 1 9 3 6 5 7 1 6 2 
1 4 1 3 0 6 6 1 0 8 1 3 3 1 2 7 1 0 2 6 2 3 0 8 3 1 6 1 1 7 3 1 6 7 1 5 4 1 4 2 1 2 9 1 1 0 8 3 6 6 7 3 8 9 9 6 9 6 9 2 8 3 6 9 6 1 
= 1 5 1 3 8 6 8 9 1 1 0 3 9 0 7 3 7 3 8 8 1 4 2 1 6 4 1 6 0 1 5 7 1 4 9 1 3 8 1 2 5 1 1 0 6 6 9 4 8 1 6 4 8 4 9 3 9 5 9 3 8 3 6 6 6 1 
U 1 4 5 7 3 9 1 9 2 8 0 7 7 9 6 1 1 3 1 3 3 1 4 8 1 5 4 1 5 7 1 5 0 1 4 1 1 3 0 1 1 1 0 1 6 3 1 4 0 | 5 9 1 8 2 9 5 9 8 9 5 8 5 6 9 6 2 
1 7 1 5 2 7 6 9 0 8 6 7 6 8 5 1 1 4 1 4 1 1 5 2 1 4 9 1 5 1 1 6 0 1 5 8 1 4 5 1 2 1 6 2 2 8 2 1 1 6 1 1 8 5 9 5 9 7 9 5 8 6 7 2 6 4 
= 1 8 1 5 5 7 7 8 9 8 6 8 1 8 8 1 0 8 1 3 6 1 5 4 1 5 3 1 4 9 1 5 8 1 6 9 1 4 9 1 1 3 4 4 0 0 4 1 1 9 1 1 0 6 1 0 8 1 0 3 9 3 7 7 6 8 
1 9 1 6 0 8 1 9 0 9 0 9 4 1 0 0 1 1 0 1 2 6 1 4 1 1 4 4 1 3 9 1 3 7 1 5 1 1 5 5 1 2 2 1 1 9 5 0 0 4 7 1 1 3 1 3 2 1 3 3 1 2 4 1 0 6 6 3 7 2 
= 2 0 6 5 8 5 9 1 9 4 1 0 0 1 0 7 1 1 0 1 1 7 1 2 5 1 3 1 1 2 6 1 1 0 8 9 8 7 1 7 1 2 4 *«• 1 3 6 2 1 3 2 1 4 4 1 3 8 1 3 2 1 1 6 9 0 7 6 
2 1 1 0 0 1 0 4 1 0 3 1 0 0 1 0 2 1 0 7 1 0 8 1 0 9 1 1 0 1 0 9 1 0 5 8 9 6 6 5 5 2 7 1 9 5 3 1 0 3 1 2 6 1 3 0 1 2 3 1 2 2 1 1 4 9 3 8 1 
2 2 1 3 0 1 1 4 1 0 7 1 0 3 1 0 2 1 0 4 1 0 4 1 0 2 1 0 0 9 3 8 2 6 6 4 7 3 6 2 8 4 9 7 2 8 8 1 1 8 1 2 6 1 2 3 1 1 4 1 1 0 1 0 5 9 2 8 5 
= 2 3 1 2 1 1 1 0 1 0 5 1 0 2 1 0 1 1 0 1 1 0 1 9 7 9 1 8 2 6 8 5 2 3 7 3 6 5 8 9 9 1 1 1 1 0 9 1 1 9 1 2 2 1 1 7 1 1 2 1 0 2 9 6 9 1 8 9 
2 4 1 1 0 1 0 6 1 0 2 9 9 9 7 9 5 9 4 9 1 8 6 7 7 6 6 5 7 5 1 5 1 6 4 9 0 1 0 6 1 1 2 1 1 4 1 1 3 1 0 7 1 0 7 1 0 0 9 4 9 2 9 3 
2 5 1 0 3 1 0 1 9 9 9 5 9 1 8 7 8 4 8 1 7 6 7 1 6 6 6 5 6 7 6 9 7 6 8 8 1 0 0 1 0 6 1 0 7 1 0 5 1 0 2 1 0 1 9 7 9 3 9 4 9 7 
2 6 9 8 9 7 9 4 9 2 8 8 8 3 7 9 7 6 7 2 7 0 7 1 7 4 7 5 7 7 8 3 9 1 9 9 1 0 3 1 0 3 1 0 2 1 0 1 1 0 0 9 8 9 5 9 7 1 0 0 
2 7 9 3 9 3 9 2 9 0 8 9 8 0 7 6 7 5 7 3 7 2 7 5 8 1 8 1 8 1 8 7 9 2 9 7 9 8 9 9 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 2 1 0 3 
R T O N O . 1 0 E M A 2 c m / a 
J = 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 6 5 9 £ 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
- n 1 5 2 7 6 9 0 8 6 7 6 8 5 1 1 4 1 4 1 1 5 2 1 4 9 1 5 1 1 6 0 1 5 8 1 4 5 1 2 1 1 6 2 1 2 8 2 1 ) fill 8 5 9 5 9 7 9 5 8 8 7 2 6 4 
1 8 1 5 5 7 7 8 9 8 6 8 1 8 8 1 0 8 1 3 6 1 5 4 1 5 3 1 4 9 1 5 8 l f i 9 1 4 9 1 1 3 1 4 4 1 0 0 4 1 1 9 1 1 0 6 1 0 8 1 0 3 9 3 7 7 6 8 
- i » 1 6 0 8 1 9 0 9 0 9 4 1 0 0 1 1 0 1 2 6 1 4 1 1 4 4 1 3 9 1 3 7 1 5 1 1 5 5 1 2 2 1 1 9 5 0 1 0 4 7 1 1 3 1 3 2 1 3 3 1 2 4 1 0 6 8 3 7 2 
2 0 6 5 8 5 9 1 9 4 1 0 0 1 0 7 1 1 0 1 1 7 1 2 5 1 3 1 1 2 6 1 1 0 8 9 8 7 1 7 1 2 4 1 ft It • 1 3 6 2 1 3 2 1 4 4 1 3 8 1 3 2 1 1 6 9 0 7 6 
= 2 1 1 0 0 1 0 4 1 0 3 1 0 0 1 0 2 1 0 7 1 0 8 1 0 9 1 1 0 1 0 9 1 0 5 8 9 £ 6 5 5 2 7 • ft * 1 9 5 3 1 0 3 1 2 6 1 3 0 1 2 3 1 2 2 1 1 4 9 3 8 1 
2 2 1 3 0 1 1 4 1 0 7 1 0 3 1 0 2 1 0 4 1 0 4 1 0 2 1 0 0 9 3 8 2 6 6 4 7 3 6 2 8 4 9 7 2 8 8 1 1 8 1 2 6 1 2 3 1 1 4 U O 1 0 5 9 2 8 5 
2 3 1 2 1 1 1 0 1 0 5 1 0 2 1 0 1 1 0 1 1 0 1 9 7 9 1 8 2 6 8 5 2 3 7 3 6 5 8 9 9 1 1 1 1 0 9 1 1 9 1 2 2 1 1 7 1 1 2 1 0 2 9 6 9 1 6 9 
2 4 1 1 0 1 0 6 1 0 2 9 9 9 7 9 5 9 4 9 1 8 6 7 7 6 6 5 7 5 1 5 1 6 4 9 0 1 0 6 1 1 2 1 1 4 1 1 3 1 0 7 1 0 7 1 0 0 9 4 9 2 9 3 
2 5 1 0 3 1 0 1 9 9 9 5 9 1 8 7 6 4 8 1 7 6 7 1 6 6 6 5 6 7 6 9 7 6 6 8 1 0 0 1 0 6 1 0 7 1 0 5 1 0 2 1 0 1 9 7 9 3 9 4 9 7 
= 2 6 9 8 9 7 9 4 9 2 8 8 8 3 7 9 7 6 7 2 7 0 7 1 7 4 7 5 7 7 6 3 9 1 9 9 1 0 3 1 0 3 1 0 2 1 0 1 1 0 0 9 8 9 5 9 7 1 0 0 
2 7 9 3 9 3 9 2 9 0 8 9 8 0 7 6 7 5 7 3 7 2 7 5 8 1 6 1 6 1 8 7 9 2 9 7 9 8 9 9 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 2 1 0 3 
2 8 8 9 8 9 8 9 8 7 9 4 6 4 7 4 7 4 7 4 7 4 7 7 8 4 8 5 6 3 6 7 9 1 9 6 9 7 9 5 9 5 9 6 9 7 9 9 1 0 1 1 0 4 1 0 6 
2 9 8 5 8 5 8 4 8 1 8 7 9 1 7 9 7 7 7 5 7 5 7 9 8 4 6 6 8 4 8 6 8 9 9 3 9 5 9 4 9 3 9 3 9 4 9 6 1 0 0 1 0 6 1 0 9 
3 0 8 2 8 3 8 3 8 2 6 2 8 5 8 2 7 9 7 7 7 6 7 8 8 3 8 5 8 4 8 5 8 6 9 0 9 3 9 4 9 3 9 3 9 3 9 5 9 9 1 0 6 1 1 1 
3 1 8 1 8 1 8 2 8 2 8 2 8 3 8 1 8 0 7 9 7 8 7 6 8 1 8 3 8 3 6 3 8 4 8 6 9 0 9 3 9 4 9 3 9 4 9 6 1 0 1 1 0 8 1 1 3 
3 2 8 1 8 1 8 1 8 2 6 1 8 1 8 0 8 0 8 0 7 9 7 8 6 0 8 1 8 2 6 2 8 2 8 4 8 6 9 0 9 3 9 4 9 4 9 7 1 0 2 1 1 0 1 1 5 
= 3 3 8 0 8 0 8 1 8 1 8 0 8 0 7 9 7 8 7 8 7 8 7 7 7 8 8 0 8 1 8 1 8 1 8 2 6 5 8 9 9 3 9 5 9 7 9 6 1 0 2 1 1 1 1 1 6 
3 4 7 9 7 9 8 1 8 0 7 9 7 9 7 8 7 7 7 6 7 7 7 6 7 6 7 8 8 0 6 0 8 1 8 2 8 4 8 8 9 3 9 7 1 0 1 1 0 2 1 0 5 1 1 2 1 1 7 
- 3 5 7 7 7 8 7 9 8 0 7 9 7 7 7 6 7 5 7 4 7 4 7 4 7 4 7 6 7 8 7 8 8 0 8 2 8 5 8 9 9 4 9 9 1 0 7 1 1 1 1 1 4 1 1 6 1 1 8 
3 6 7 6 7 6 7 7 7 8 7 7 7 6 7 4 7 3 7 2 7 2 7 2 7 2 7 4 7 6 7 6 7 8 8 1 6 5 8 9 9 4 9 9 1 0 9 1 2 3 1 2 9 1 2 5 1 1 9 
a 3 7 7 5 7 4 7 5 7 7 7 6 7 4 7 2 7 1 7 0 6 9 7 0 7 0 7 2 7 4 7 5 7 7 8 0 8 4 8 8 9 2 9 5 9 9 1 1 1 1 2 2 1 2 4 1 2 0 
a 3 8 7 4 7 3 7 4 7 5 7 4 7 2 7 0 6 9 6 7 6 7 6 7 6 8 7 1 7 3 7 4 7 6 7 9 8 3 6 8 9 1 9 4 9 5 9 9 1 0 4 1 1 5 1 2 0 
= 3 9 7 2 7 1 7 2 7 3 7 2 7 0 6 8 6 6 6 5 6 5 6 6 6 7 £ 9 7 2 7 4 7 6 7 9 8 2 8 7 9 1 9 4 9 6 9 8 1 0 5 1 1 6 1 2 1 
4 0 7 0 7 0 7 0 7 1 7 0 6 9 6 7 6 5 6 4 6 4 6 4 £ 6 £ B 7 1 7 3 7 6 7 9 8 1 8 5 9 0 9 3 9 £ 9 9 1 0 6 1 1 7 1 2 1 
8 4 1 6 8 6 8 6 8 6 8 6 8 6 7 6 7 6 6 6 5 6 5 6 6 £ 8 7 0 7 2 7 4 7 7 8 0 8 3 8 6 9 0 9 5 9 9 1 0 4 1 1 1 1 1 8 1 2 1 
= 4 2 6 8 6 8 6 7 6 7 6 7 6 7 6 7 6 7 6 7 6 8 6 9 7 0 7 2 7 4 7 7 8 0 8 3 6 6 9 0 9 4 9 6 1 0 2 1 0 7 1 1 1 1 1 7 1 2 0 
R U N N O . 1 0 E S F 2 
0 3 
LO 
O 
J - 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 - 8 - 1 0 - 1 2 - 1 5 - 1 7 - 1 9 - 2 1 - 2 3 - 2 5 - 2 6 - 2 7 - 2 7 - 2 8 - 2 8 - 2 7 - 2 6 - 2 6 - 2 5 - 2 3 - 2 2 - 2 0 - 1 8 - 1 7 - 1 6 - 1 5 - 1 4 - 1 4 
= 2 - 9 - 1 1 - 1 3 - 1 4 - 1 6 - 1 7 - 1 9 - 2 0 - 2 2 - 2 3 - 2 4 - 2 5 - 2 6 - 2 6 - 2 6 - 2 5 - 2 5 - 2 3 - 2 2 - 2 0 - 1 8 - 1 6 - 1 4 - 1 2 - 1 1 - 1 0 - 9 
3 - 1 3 - 1 5 - 1 7 - 1 7 - 1 7 - 1 7 - 1 8 - 1 9 - 2 0 - 2 1 - 2 2 - 2 3 - 2 3 - 2 3 - 2 3 - 2 3 - 2 2 - 2 1 - 1 9 - 1 7 - 1 5 - 1 2 - 1 0 - 8 - 6 - 4 - 3 
= 4 - 1 5 - 1 8 - 2 1 - 2 1 - 2 0 - 2 0 - 2 0 - 2 0 - 2 1 - 2 1 - 2 2 - 2 2 - 2 3 - 2 3 - 2 2 - 2 1 - 2 0 - 1 9 - 1 7 - 1 5 - 1 2 - 1 0 - 8 - 5 - 4 - 3 - 1 
s 5 - I B - 2 1 - 2 4 - 2 4 - 2 3 - 2 2 - 2 2 - 2 2 - 2 2 - 2 2 - 2 2 - 2 2 - 2 3 - 2 2 - 2 1 - 2 0 - 1 9 - 1 8 - 1 5 - 1 4 - 1 1 - 9 - 7 - 5 - 3 - 2 -1 
It e - 2 0 - 2 3 - 2 7 - 2 7 - 2 6 - 2 5 - 2 4 - 2 4 - 2 4 - 2 4 - 2 3 - 2 3 - 2 3 - 2 2 - 2 1 - 2 0 - 1 8 - 1 7 - 1 5 - 1 3 - 1 1 - 8 - 6 - 4 - 3 - 2 0 
= 7 - 2 1 - 2 5 - 2 9 - 3 0 - 2 8 - 2 7 - 2 7 - 2 6 - 2 6 - 2 5 - 2 4 - 2 4 - 2 4 - 2 2 - 2 1 - 2 0 - 1 8 - 1 6 - 1 4 - 1 2 - 1 0 - 8 - 6 - 4 - 3 - 2 0 
8 - 2 2 - 2 6 - 3 1 - 3 2 - 3 1 - 3 0 - 2 9 - 2 8 - 2 7 - 2 7 - 2 6 - 2 5 - 2 4 - 2 3 - 2 1 - 2 0 - 1 8 - 1 6 - 1 5 - 1 2 - 1 0 - 7 - 6 - 4 - 3 - 2 -1 
= 9 - 2 3 - 2 7 - 3 2 - 3 3 - 3 3 - 3 2 - 3 1 - 3 0 - 2 9 - 2 8 - 2 8 - 2 6 - 2 5 - 2 3 - 2 2 - 2 0 - 1 9 - 1 7 - 1 5 - 1 2 - 1 0 - 7 - 6 - 4 - 3 - 2 -1 
1 0 - 2 3 - 2 8 - 3 3 - 3 5 - 3 4 - 3 4 - 3 3 - 3 2 - 3 1 - 3 0 - 2 9 - 2 8 - 2 6 - 2 4 - 2 2 - 2 1 - 1 9 - 1 7 - 1 5 - 1 3 - 1 1 - 9 - 7 - 5 - 3 - 2 -1 
- 1 1 - 2 3 - 2 8 - 3 4 - 3 6 - 3 6 - 3 6 - 3 5 - 3 4 - 3 3 - 3 2 - 3 1 - 2 9 - 2 8 - 2 6 - 2 4 - 2 2 - 2 0 - 1 8 - 1 5 - 1 3 - 1 2 - 1 0 - 9 - 8 - 6 - 3 -1 
1 2 - 2 3 - 2 8 - 3 5 - 3 8 - 3 8 - 3 7 - 3 7 - 3 6 - 3 5 - 3 4 - 3 3 - 3 1 - 3 0 - 2 8 - 2 6 - 2 3 - 2 1 - 1 9 - 1 6 - 1 4 - 1 3 - 1 2 - 1 1 - 1 0 - 9 - 7 - 4 
- 1 3 - 2 4 - 2 9 - 3 6 - 3 9 - 3 9 - 3 9 - 3 9 - 3 8 - 3 7 - 3 6 - 3 5 - 3 3 - 3 2 - 3 0 - 2 8 - 2 6 - 2 3 - 2 0 - 1 7 - 1 5 - 1 4 - 1 3 - 1 2 - 1 1 - 1 0 - 1 0 - 9 
1 4 - 2 4 - 2 9 - 3 7 - 4 1 - 4 1 - 4 1 - 4 1 - 4 0 - 4 0 - 3 9 - 3 7 - 3 6 - 3 4 - 3 2 - 3 1 - 2 8 - 2 5 - 2 2 - 1 9 - 1 7 - 1 5 - 1 4 - 1 4 - 1 2 - 1 0 - 1 1 - 1 7 
1 5 - 2 5 - 3 0 - 3 8 - 4 2 - 4 2 - 4 3 - 4 3 - 4 3 - 4 2 - 4 2 - 4 1 - 3 9 - 3 7 - 3 5 - 3 3 - 3 0 - 2 7 - 2 4 - 2 1 - 1 9 - 1 7 - 1 5 - 1 5 - 1 4 - 1 3 - 1 4 - 1 8 
1 6 - 2 5 - 3 0 - 3 9 - 4 3 - 4 4 - 4 5 - 4 5 - 4 5 - 4 5 - 4 4 - 4 3 - 4 2 - 4 0 - 3 9 - 3 7 - 3 4 - 3 1 - 2 7 - 2 4 - 2 1 - 1 8 - 1 5 - 1 5 - 1 6 - 1 3 - 1 1 - 8 
= 1 7 - 2 5 - 3 0 - 4 0 . - 4 4 - 4 6 - 4 7 - 4 7 - 4 8 - 4 8 - 4 7 - 4 6 - 4 6 - 4 4 - 4 2 - 4 0 - 3 8 - 3 4 - 3 1 - 2 8 - 2 4 - 2 0 - 1 7 - 1 8 - 1 6 - 1 1 - 1 0 - 9 
= 1 8 - 2 5 - 3 0 - 4 0 - 4 5 - 4 7 - 4 8 - 4 9 - 5 0 - 5 0 - 5 0 - S O - 4 9 - 4 8 - 4 7 - 4 4 - 4 1 - 3 8 - 3 5 - 3 2 - 2 8 - 2 3 - 1 9 - 2 0 - 1 6 - 1 0 - 9 - 1 6 
1 9 - 2 5 - 3 1 - 3 9 - 4 5 - 4 7 - 4 9 - 5 0 - 5 1 - 5 2 - 5 2 - 5 3 - 5 2 - 5 2 - 5 1 - 4 9 - 4 7 - 4 4 - 4 0 - 3 7 - 3 3 - 2 8 - 2 4 - 2 7 - 2 6 - 1 6 - H I - 1 5 
= 2 0 - 2 5 - 3 0 - 3 9 - 4 3 - 4 6 - 4 9 - 5 1 - 5 2 - 5 3 - 5 5 - 5 5 - 5 6 - 5 6 - 5 6 - 5 4 - 5 3 - 5 0 - 4 7 - 4 5 - 4 0 - 3 5 - 3 0 - 3 2 - 4 2 - 4 5 - 4 6 1 - 4 4 
a 2 1 - 2 4 - 2 9 - 3 8 - 4 3 - 4 6 - 4 9 - 5 1 - 5 3 - 5 5 - 5 7 - 5 8 - 5 9 - 6 0 - 6 0 - 5 9 - 5 8 - 5 6 - 5 4 - 5 2 - 4 9 - 4 4 - 3 9 - 3 5 - 3 6 - 3 8 - 3 3 - 1 9 
= 2 2 - 2 3 - 2 7 - 3 6 - 4 1 - 4 5 - 4 8 - 5 1 - 5 4 - 5 6 - 5 9 - 6 0 - 6 2 - 6 4 - 6 5 - 6 5 - 6 5 - 6 4 - 6 2 - 6 0 - 5 8 - 5 3 - 4 6 - 3 9 - 3 5 - 3 0 - 2 3 - 1 6 
a 2 3 - 2 1 - 2 5 - 3 4 - 4 0 - 4 4 - 4 8 - 5 1 - 5 4 - 5 7 - 6 0 - 6 3 - 6 5 - 6 8 - 7 0 - 7 1 - 7 1 - 7 2 - 7 1 - 7 0 - 6 7 - 6 1 - 5 4 - 4 4 - 3 6 - 2 8 - 2 1 - 1 5 
- 2 4 - 1 8 - 2 3 - 3 2 - 3 8 - 4 2 - 4 7 - 5 1 - 5 4 - 5 7 - 6 0 - 6 4 - 6 7 - 7 1 - 7 4 - 7 6 - 7 9 - 8 1 - 8 2 - 8 1 - 7 6 - 6 6 - 5 7 - 4 8 - 3 9 - 3 0 - 2 3 - 1 7 
2 5 - 1 6 - 2 0 - 2 9 - 3 6 - 4 1 - 4 6 - 5 0 - 5 4 - 5 7 - 6 0 - 6 4 - 6 7 - 7 1 - 7 4 - 7 9 - 8 4 - 8 9 - 9 3 - 8 9 - 7 9 - 6 9 - 6 0 - 5 1 - 4 2 - 3 4 - 2 6 - 2 0 
B 2 6 - 1 3 - 1 7 - 2 7 - 3 4 - 3 9 - 4 4 - 4 9 - 5 3 - 5 6 - 6 0 - 6 3 - 6 6 - 7 0 - 7 4 - 7 8 - 8 4 - 9 0 - 9 5 - 8 8 - 7 8 - 6 9 - 6 0 - 5 2 - 4 4 - 3 6 - 2 9 - 2 4 
2 7 - 1 1 - 1 5 - 2 4 - 3 1 - 3 7 - 4 2 - 4 7 - 5 1 - 5 5 - 5 8 - 6 1 - 6 4 - 6 7 - 7 1 - 7 5 - 8 0 - 8 4 - 8 7 - 8 2 - 7 4 - 6 6 - 6 0 - 5 3 - 4 5 - 3 7 - 3 1 - 2 6 
R U N N O . 1 0 E S F 2 » 
> 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 7 - 2 5 - 3 0 - 4 0 - 4 4 - 4 6 - 4 7 - 4 7 - 4 8 - 4 8 - 4 7 - 4 6 - 4 6 - 4 4 - 4 2 - 4 0 - 3 8 - 3 4 - 3 1 - 2 8 - 2 4 - 2 0 - 1 7 - 1 8 - 1 6 - 1 1 - 1 0 - 9 
= 1 8 - 2 5 - 3 0 - 4 0 - 4 5 - 4 7 - 4 8 - 4 9 - 5 0 - 5 0 - 5 0 - 5 0 - 4 9 - 4 8 - 4 7 - 4 4 - 4 1 - 3 8 - 3 5 - 3 2 - 2 8 - 2 3 - 1 9 - 2 0 - 1 6 - 1 0 - 9 - 1 6 
1 9 - 2 5 - 3 1 - 3 9 - 4 5 - 4 7 - 4 9 - 5 0 - 5 1 - 5 2 - 5 2 - 5 3 - 5 2 - 5 2 - 5 1 - 4 9 - 4 7 - 4 4 - 4 0 - 3 7 - 3 3 - 2 8 - 2 4 - 2 7 - 2 6 - 1 6 - 1 1 1 - 1 5 
= 2 0 - 2 5 - 3 0 - 3 9 - 4 3 - 4 6 - 4 9 - 5 1 - 5 2 - 5 3 - 5 5 - 5 5 - 5 6 - 5 6 - 5 6 - 5 4 - 5 3 - 5 0 - 4 7 - 4 5 - 4 0 - 3 5 - 3 0 - 3 2 - 4 2 - 4 5 - 4 6 1 - 4 4 
2 1 - 2 4 - 2 9 - 3 8 - 4 3 - 4 6 - 4 9 - 5 1 - 5 3 - 5 5 - 5 7 - 5 8 - 5 9 - 6 0 - 6 0 - 5 9 - 5 8 - 5 6 - 5 4 - 5 2 - 4 9 - 4 4 - 3 9 - 3 5 - 3 6 - 3 8 - 3 3 - 1 9 
2 2 - 2 3 - 2 7 - 3 6 - 4 1 - 4 5 - 4 8 - 5 1 - 5 4 - 5 6 - 5 9 - 6 0 - 6 2 - 6 4 - 6 5 - 6 5 - 6 5 - 6 4 - 6 2 - 6 0 - 5 8 - 5 3 - 4 6 - 3 9 - 3 5 - 3 0 - 2 3 - 1 6 
2 3 - 2 1 - 2 5 - 3 4 - 4 0 - 4 4 - 4 8 - 5 1 - 5 4 - 5 7 - 6 0 - 6 3 - 6 5 - 6 8 - 7 0 - 7 1 - 7 1 - 7 2 - 7 1 - 7 0 - 6 7 - 6 1 - 5 4 - 4 4 - 3 6 - 2 8 - 2 1 - 1 5 
2 4 - 1 8 - 2 3 - 3 2 - 3 8 - 4 2 - 4 7 - 5 1 - 5 4 - 5 7 - 6 0 - 6 4 - 6 7 - 7 1 - 7 4 - 7 6 - 7 9 - 8 1 - 8 2 - 8 1 - 7 6 - 6 6 - 5 7 - 4 8 - 3 9 - 3 0 - 2 3 - 1 7 
2 5 - 1 6 - 2 0 - 2 9 - 3 6 - 4 1 - 4 6 - 5 0 - 5 4 - 5 7 - 6 0 - 6 4 - 6 7 - 7 1 - 7 4 - 7 9 - 8 4 - 8 9 - 9 3 - 8 9 - 7 9 - 6 9 - 6 0 - 5 1 - 4 2 - 3 4 - 2 6 - 2 0 
= 2 6 - 1 3 - 1 7 - 2 7 - 3 4 - 3 9 - 4 4 - 4 9 - 5 3 - 5 6 - 6 0 - 6 3 - 6 6 - 7 0 - 7 4 - 7 8 - 8 4 - 9 0 - 9 5 - 8 8 - 7 8 - 6 9 - 6 0 - 5 2 - 4 4 - 3 6 - 2 9 - 2 4 
2 7 - 1 1 - 1 5 - 2 4 - 3 1 - 3 7 - 4 2 - 4 7 - 5 1 - 5 5 - 5 8 - 6 1 - 6 4 - 6 7 - 7 1 - 7 5 - 8 0 - 8 4 - 8 7 - 8 2 - 7 4 - 6 6 - 6 0 - 5 3 - 4 5 - 3 7 - 3 1 - 2 6 
2 8 - 8 - 1 2 - 2 1 - 2 8 - 3 4 - 3 9 - 4 4 - 4 9 - 5 3 - 5 7 - 5 9 - 6 1 - 6 3 - 6 6 - 7 0 - 7 4 - 7 7 - 7 8 - 7 5 - 6 9 - 6 3 - 5 7 - 5 2 - 4 5 - 3 8 - 3 3 - 2 8 
2 9 - 5 - 9 - 1 8 - 2 5 - 3 1 - 3 7 - 4 2 - 4 7 - 5 1 - 5 4 - 5 7 - 5 8 - 5 9 - 6 1 - 6 4 - 6 8 - 7 0 - 7 1 - 6 9 - 6 5 - 6 0 - 5 4 - 5 0 - 4 4 - 3 9 - 3 4 - 2 9 
= 3 0 - 3 - 6 - 1 4 - 2 1 - 2 7 - 3 3 - 3 9 - 4 5 - 4 9 - 5 1 - 5 4 - 5 5 - 5 6 - 5 7 - 5 9 - 6 2 - 6 4 - 6 5 - 6 4 - 6 0 - 5 6 - 5 2 - 4 8 - 4 3 - 3 9 - 3 5 - 3 1 
3 1 0 - 3 - 1 0 - 1 7 - 2 3 - 2 9 - 3 5 - 4 1 - 4 5 - 4 8 - 5 0 - 5 1 - 5 3 - 5 4 - 5 5 - 5 7 - 5 8 - 5 8 - 5 8 - 5 6 - 5 2 - 4 9 - 4 6 - 4 2 - 3 9 - 3 5 - 3 2 
= 3 2 2 0 - 6 - 1 2 - 1 8 - 2 4 - 3 1 - 3 6 - 4 1 - 4 4 - 4 6 - 4 8 - 5 0 - 5 1 - 5 2 - 5 3 - 5 4 - 5 3 - 5 3 - 5 1 - 4 8 - 4 6 - 4 3 - 4 0 - 3 7 - 3 4 - 3 2 
3 3 5 3 - 2 - 8 - 1 4 - 2 0 - 2 6 - 3 1 - 3 6 - 3 9 - 4 2 - 4 5 - 4 6 - 4 8 - 4 8 - 4 9 - 4 9 - 4 9 - 4 8 - 4 7 - 4 5 - 4 3 - 4 1 - 3 8 - 3 6 - 3 4 - 3 2 
O 3 4 8 6 0 - 4 - 1 0 - 1 6 - 2 1 - 2 7 - 3 1 - 3 5 - 3 9 - 4 1 - 4 3 - 4 4 - 4 5 - 4 5 - 4 5 - 4 5 - 4 4 - 4 3 - 4 2 - 4 0 - 3 9 - 3 7 - 3 5 - 3 3 - 3 2 
= 3 5 1 0 9 4 -1 - 6 - 1 1 - 1 7 - 2 2 - 2 7 - 3 1 - 3 4 - 3 7 - 3 9 - 4 1 - 4 1 - 4 1 - 4 2 - 4 2 - 4 1 - 4 1 - 4 0 - 3 9 - 3 7 - 3 5 - 3 4 - 3 3 - 3 1 
3 6 1 2 1 1 7 2 - 2 - B - 1 3 - I B - 2 2 - 2 6 - 3 0 - 3 2 - 3 4 - 3 6 - 3 7 - 3 8 - 3 8 - 3 8 - 3 9 - 3 8 - 3 7 - 3 6 - 3 6 - 3 4 - 3 3 - 3 2 - 3 1 
3 7 1 4 1 3 9 5 0 - 4 - 9 - 1 3 - 1 8 - 2 1 - 2 5 - 2 7 - 3 0 - 3 2 - 3 4 - 3 4 - 3 5 - 3 6 - 3 6 - 3 6 - 3 6 - 3 5 - 3 4 - 3 3 - 3 2 - 3 2 - 3 1 
3 8 1 6 1 5 1 1 8 3 0 - 5 - 9 - 1 3 - 1 6 - 2 0 - 2 3 - 2 5 - 2 7 - 2 9 - 3 1 - 3 2 - 3 3 - 3 3 - 3 4 - 3 4 - 3 4 - 3 3 - 3 2 - 3 1 - 3 1 - 3 1 
= 3 9 1 6 1 6 1 3 1 0 6 2 - 1 - 5 - 8 - 1 2 - 1 5 - 1 8 - 2 0 - 2 3 - 2 5 - 2 7 - 2 9 - 3 0 - 3 1 - 3 2 - 3 2 - 3 2 - 3 3 - 3 2 - 3 1 - 3 1 - 3 2 
- 4 0 1 7 1 6 1 3 1 1 8 5 2 0 - 3 - 6 - 9 - 1 2 - 1 5 - 1 8 - 2 0 - 2 2 - 2 4 - 2 6 - 2 8 - 2 9 - 3 0 - 3 1 - 3 2 - 3 2 - 3 1 - 3 2 - 3 3 
- 4 1 1 7 1 6 1 3 1 1 9 7 5 3 1 - 1 - 3 - 5 - 8 - 1 0 - 1 3 - 1 5 - 1 8 - 2 0 - 2 2 - 2 4 - 2 6 - 2 8 - 3 0 - 3 0 - 3 1 - 3 2 - 3 3 
4 2 1 6 1 5 1 3 1 0 9 7 5 3 2 0 - 1 - 3 - 6 - 8 - 1 0 - 1 3 - 1 5 - 1 7 - 1 9 - 2 2 - 2 4 - 2 6 - 2 8 - 2 9 - 3 1 - 3 2 - 3 3 
4 3 
B O N N O . 1 0 E S F 2 
J - 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 - 2 0 - 1 8 - 1 7 - 1 6 - 1 5 - 1 4 - 1 4 - 1 3 - 1 3 - 1 3 - 1 4 - 1 5 - 1 6 - 1 8 - 1 9 - 2 1 - 2 5 - 2 8 - 3 1 - 3 6 - 4 1 - 4 6 - 5 1 - 5 7 - 6 2 - 6 7 - 7 0 
2 - 1 8 - 1 6 - 1 4 - 1 2 - 1 1 - 1 0 - 9 - 9 - 8 - 8 - 8 - 8 - 9 - 1 1 - 1 3 - 1 5 - 1 9 - 2 3 - 2 8 - 3 4 - 4 1 - 5 0 - 6 2 - 7 4 - 8 6 - 9 3 - 9 2 
- 3 - 1 5 - 1 2 - 1 0 - 8 - 6 - 4 - 3 - 3 - 2 - 2 - 2 - 3 - 3 - 4 - 5 - 7 - 1 0 - 1 3 - 2 0 - 2 7 - 3 6 - 5 0 - 7 0 - 8 1 - 6 6 - 6 0 - 6 1 
4 - 1 2 - 1 0 - 8 - 5 - 4 - 3 - 1 - 1 0 0 0 0 -1 -I - 2 - 4 - 6 - 1 0 - 1 6 - 2 2 - 3 1 - 4 2 - 5 4 - 6 2 - 5 1 - 4 8 - 5 4 
5 - 1 1 - 9 - 7 - 5 - 3 - 2 -1 0 0 0 0 0 0 0 -1 - 3 - 6 - 1 0 - 1 5 - 2 4 - 3 3 - 4 1 - 4 9 - 6 3 - 6 4 - 4 6 - 4 7 
6 - 1 1 - 8 - 6 - 4 - 3 - 2 0 0 0 1 1 2 2 1 0 - 2 - 6 - 9 - 1 4 - 2 4 - 3 2 - 3 9 - 5 2 - 7 0 1 - 7 7 - 3 8 - 3 4 
= 7 - 1 0 - 8 - 6 - 4 - 3 - 2 0 0 0 1 1 2 2 2 1 0 - 3 - 7 - U - 1 6 - 2 0 - 2 7 - 4 7 1 - 7 1 1 - 5 3 - 2 3 - 2 1 
- e - 1 0 - 7 - 6 - 4 - 3 - 2 -1 0 0 1 1 2 3 4 3 1 -1 - 6 - 1 1 1 0 0 0 0 1 - 4 4 1 - 1 7 - 8 - 1 1 
9 - 1 0 - 7 - 6 - 4 - 3 - 2 - 1 -1 0 0 1 1 1 2 3 2 1 2 0 - 2 9 1 0 * * * ...| 0 1 0 2 0 - 5 
a 1 0 - 1 1 - 9 - 7 - 5 - 3 - 2 - 1 - 1 -1 - 2 0 0 0 0 0 1 5 0 0 1 1 2 0 - 3 
- 1 1 - 1 2 - 1 0 - 9 - 8 - 6 - 3 - 1 -1 - 2 - 3 - 3 0 0 0 1 - 2 0 0 1 0 0 0 0 - 2 
1 2 - 1 3 - 1 2 - 1 1 - 1 0 - 9 - 7 - 4 -1 0 - 2 - 5 - 4 - 4 - 7 1 0 1 . • * * 0 1 ... - 3 -1 0 0 - 1 
1 3 - 1 4 - 1 3 - 1 2 - 1 1 - 1 0 - 1 0 - 9 - 5 1 0 - 2 - 4 1 - 1 0 * * * l ... ... * * * * * * * • * * * M - 2 - 4 - 3 -1 -1 - 3 
— 1 4 - 1 5 - 1 4 - 1 4 - 1 2 - 1 0 - 1 1 - 1 7 - 1 8 4 6 1 6 0 0 1 0 - 5 - 4 - 3 - 3 - 1 0 
1 5 - 1 7 - 1 5 - 1 5 - 1 4 - 1 3 - 1 4 - 1 8 - 3 0 1 0 0 0 1 2 - 1 - 4 - 5 - 1 0 - 2 3 
= 1 6 - 1 8 - 1 5 - 1 5 - 1 6 - 1 3 - 1 1 - 8 - 1 0 1 ' * * l * * * * • * * * . * . * * • « * * ... .** »* * * * * 0 | 1 -1 - 5 - 8 - 1 8 - 2 3 
1 7 - 2 0 - 1 7 - 1 8 - 1 6 - 1 1 - 1 0 - 9 - 1 9 1 0 1 0 1 0 - 4 - 7 - 1 4 - 2 3 - 1 9 
= 1 8 - 2 3 - 1 9 - 2 0 - 1 6 - 1 0 - 9 - 1 6 1 - 6 ** * * « * * * . *** *** * * * ... ... ... ... . . . 0 1 - 2 - 6 - 1 0 - 1 6 - 2 1 - 1 6 
3 1 9 - 2 8 - 2 4 - 2 7 - 2 6 - 1 6 - 1 1 1 - 1 5 •••I *** • II* *»* **• ... *** **« ... « . . 0 1 - 2 - 8 - 1 1 - 1 5 - 1 5 - 1 3 
2 0 - 3 5 - 3 0 - 3 2 - 4 2 - 4 5 - 4 6 1 - 4 4 0 0 0 ... ... «** • ** ... ... ... ... ... 0 - 3 - 8 - 1 1 - 1 3 - 1 3 - 1 3 
= 2 1 - 4 4 - 3 9 - 3 5 - 3 6 - 3 8 - 3 3 - 1 9 - 1 0 - 6 - T | - 7 0 0 0 0 0 1 0 0 0 1 0 - 9 - 5 - 8 - 1 1 - 1 3 - 1 5 - 1 6 
- 2 2 - 5 3 - 4 6 - 3 9 - 3 5 - 3 0 - 2 3 - 1 6 - 1 0 - 7 - 7 - 5 - 2 0 0 0 0 -1 - 3 - 5 - 1 0 - 1 0 - 9 - 1 1 - 1 4 - 1 6 - 1 9 - 2 0 
2 3 - 6 1 - 5 4 - 4 4 - 3 6 - 2 8 - 2 1 - 1 5 - 1 1 - 8 - 6 - 5 - 4 - 3 - 2 - 2 - 2 - 4 - 6 - 1 0 - 1 3 - 1 3 - 1 4 - 1 6 - 1 8 - 2 0 - 2 3 - 2 5 
- 2 4 - 6 6 - 5 7 - 4 8 - 3 9 - 3 0 - 2 3 - 1 7 - 1 3 - 1 0 - 7 - 6 - 5 - 5 - 3 - 4 - 5 - 7 - 1 0 - 1 2 - 1 5 - 1 6 - 1 8 - 1 9 - 2 1 - 2 5 - 2 8 - 3 1 
2 5 - 6 9 - 6 0 - 5 1 - 4 2 - 3 4 - 2 6 - 2 0 - 1 6 - 1 3 - 1 0 - 8 - 7 - 7 - 6 - 7 - 8 - 1 0 - 1 2 - 1 5 - 1 7 - 1 9 - 2 1 - 2 2 - 2 5 - 2 8 - 3 3 - 3 8 
2 6 - 6 9 - 6 0 - 5 2 - 4 4 - 3 6 - 2 9 - 2 4 - 1 9 - 1 6 - 1 3 - 1 1 - 1 0 - 1 0 - 1 0 - 1 0 - 1 1 - 1 3 - 1 5 - 1 7 - 2 0 - 2 2 - 2 3 - 2 5 - 2 8 - 3 1 - 3 6 - 4 2 
- 2 7 - 6 6 - 6 0 - 5 3 - 4 5 - 3 7 - 3 1 - 2 6 - 2 2 - 1 8 - 1 6 - 1 4 - 1 3 - 1 2 - 1 3 - 1 3 - 1 4 - 1 5 - 1 7 - 2 0 - 2 2 - 2 4 - 2 6 - 2 8 - 3 1 - 3 3 - 3 6 - 4 4 
R U N N O . 1 0 E S P 2 » 
J =• 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
1 7 - 2 0 - 1 7 - 1 8 - 1 6 - 1 1 - 1 0 - 9 - 1 9 1 0 1 0 1 0 - 4 - 7 - 1 4 - 2 3 - 1 9 
1 8 - 2 3 - 1 9 - 2 0 - 1 6 - 1 0 - 9 - 1 6 1 - 6 * • * D A * * * ft ft * ft ft * ft ftft * * • * ft ft ft ft * * ft ft ft ft.ft 0 1 - 2 - 6 - 1 0 - 1 6 - 2 1 - 1 6 
1 9 - 2 8 - 2 4 - 2 7 - 2 6 - 1 6 - 1 1 1 - 1 5 *•*; « * * * « • • ft ft *«• • •• • •« «* « ft ft ft • • • ft ft ft 0 1 - 2 - 8 - 1 1 - 1 5 - 1 5 - 1 3 
2 0 - 3 5 - 3 0 - 3 2 - 4 2 - 4 5 - 4 6 1 - 4 4 0 0 0 ...| • ft* • •ft * • • • ••1 * ft * • •• • •• ft ft ft ft*. 0 - 3 - 8 - 1 1 - 1 3 - 1 3 - 1 3 
2 1 - 4 4 - 3 9 - 3 5 - 3 6 - 3 8 - 3 3 - 1 9 - 1 0 - 6 - 7 - 7 0 0 0 0 0 1 0 0 0 1 0 - 9 - 5 - 8 - 1 1 - 1 3 - 1 5 - 1 6 
2 2 - 5 3 - 4 6 - 3 9 - 3 5 - 3 0 - 2 3 - 1 6 - 1 0 - 7 - 7 - 5 - 2 0 0 0 0 - 1 - 3 - 5 - 1 0 - 1 0 - 9 - 1 1 - 1 4 - 1 6 - 1 9 - 2 0 
2 3 - 6 1 - 5 4 - 4 4 - 3 6 - 2 8 - 2 1 - 1 5 - 1 1 - 8 - 6 - 5 - 4 - 3 - 2 - 2 - 2 - 4 - 6 - 1 0 - 1 3 - 1 3 - 1 4 - 1 6 - 1 8 - 2 0 - 2 3 - 2 5 
2 4 - 6 6 - 5 7 - 4 8 - 3 9 - 3 0 - 2 3 - 1 7 - 1 3 - 1 0 - 7 - 6 - 5 - 5 - 3 - 4 - 5 - 7 - 1 0 - 1 2 - 1 5 - 1 6 - 1 8 - 1 9 - 2 1 - 2 5 - 2 8 - 3 1 
= 2 5 - 6 9 - 6 0 - 5 1 - 4 2 - 3 4 - 2 6 - 2 0 - 1 6 - 1 3 - 1 0 - 8 - 7 - 7 - 6 - 7 - 8 - 1 0 - 1 2 - 1 5 - 1 7 - 1 9 - 2 1 - 2 2 - 2 5 - 2 8 - 3 3 - 3 8 
2 6 - 6 9 - 6 0 - 5 2 - 4 4 - 3 6 - 2 9 - 2 4 - 1 9 - 1 6 - 1 3 - 1 1 - 1 0 - 1 0 - 1 0 - 1 0 - 1 1 - 1 3 - 1 5 - 1 7 - 2 0 - 2 2 - 2 3 - 2 5 - 2 8 - 3 1 - 3 6 - 4 2 
2 7 - 6 6 - 6 0 - 5 3 - 4 5 - 3 7 - 3 1 - 2 6 - 2 2 - 1 8 - 1 6 - 1 4 - 1 3 - 1 2 - 1 3 - 1 3 - 1 4 - 1 5 - 1 7 - 2 0 - 2 2 - 2 4 - 2 6 - 2 8 - 3 1 - 3 3 - 3 6 - 4 4 
2 8 - 6 3 - 5 7 - 5 2 - 4 5 - 3 8 - 3 3 - 2 8 - 2 4 - 2 1 - 1 9 - 1 7 - 1 6 - 1 6 - 1 5 - 1 6 - 1 6 - 1 8 - 2 0 - 2 2 - 2 4 - 2 6 - 2 9 - 3 1 - 3 3 - 3 5 - 3 7 - 4 5 
- 2 9 - 6 0 - 5 4 - 5 0 - 4 4 - 3 9 - 3 4 - 2 9 - 2 6 - 2 3 - 2 1 - 2 0 - 1 9 - 1 8 - 1 8 - 1 8 - 1 9 - 2 0 - 2 3 - 2 4 - 2 6 - 2 8 - 3 0 - 3 2 - 3 5 - 4 0 - 4 2 - 3 9 
3 0 - 5 6 - 5 2 - 4 8 - 4 3 - 3 9 - 3 5 - 3 1 - 2 8 - 2 5 - 2 3 - 2 2 - 2 1 - 2 1 - 2 1 - 2 1 - 2 2 - 2 3 - 2 5 - 2 7 - 2 8 - 3 0 - 3 2 - 3 4 - 3 6 - 3 8 - 3 9 - 3 7 
3 1 - 5 2 - 4 9 - 4 6 - 4 2 - 3 9 - 3 5 - 3 2 - 2 9 - 2 7 - 2 5 - 2 4 - 2 4 - 2 3 - 2 3 - 2 4 - 2 4 - 2 5 - 2 7 - 2 9 - 3 0 - 3 2 - 3 4 - 3 5 - 3 7 - 3 8 - 3 9 - 4 0 
- 3 2 - 4 8 - 4 6 - 4 3 - 4 0 - 3 7 - 3 4 - 3 2 - 3 0 - 2 8 - 2 6 - 2 6 - 2 5 - 2 5 - 2 5 - 2 6 - 2 6 - 2 7 - 2 8 - 3 0 - 3 2 - 3 4 - 3 5 - 3 7 - 3 8 - 3 9 - 4 1 - 4 1 
3 3 - 4 5 - 4 3 - 4 1 - 3 8 - 3 6 - 3 4 - 3 2 - 3 0 - 2 8 - 2 7 - 2 6 - 2 7 - 2 7 - 2 7 - 2 7 - 2 8 - 2 9 - 3 1 - 3 3 - 3 5 - 3 6 - 3 8 - 3 9 - 4 0 - 4 0 - 4 2 - 4 2 
3 4 - 4 2 - 4 0 - 3 9 - 3 7 - 3 5 - 3 3 - 3 2 - 3 1 - 2 9 - 2 8 - 2 8 - 2 8 - 2 8 - 2 8 - 2 9 - 2 9 - 3 1 - 3 2 - 3 5 - 3 7 - 3 8 - 4 0 - 4 0 - 4 0 - 4 1 - 4 2 - 4 4 
- 3 5 - 4 0 - 3 9 - 3 7 - 3 5 - 3 4 - 3 3 - 3 1 - 3 1 - 2 9 - 2 9 - 2 9 - 2 9 - 2 9 - 3 0 - 3 0 - 3 1 - 3 2 - 3 3 - 3 5 - 3 7 - 3 9 - 4 0 - 4 1 - 4 1 - 4 2 - 4 3 - 4 5 
3 6 - 3 7 - 3 6 - 3 6 - 3 4 - 3 3 - 3 2 - 3 1 - 3 1 - 3 0 - 2 9 - 3 0 - 3 0 - 3 0 - 3 1 - 3 1 - 3 2 - 3 3 - 3 4 - 3 6 - 3 8 - 3 9 - 4 1 - 4 2 - 4 3 - 4 4 - 4 6 - 4 7 
- 3 7 - 3 6 - 3 5 - 3 4 - 3 3 - 3 2 - 3 2 - 3 1 - 3 1 - 3 1 - 3 0 - 3 0 - 3 1 - 3 1 - 3 1 - 3 2 - 3 3 - 3 4 - 3 5 - 3 7 - 3 9 - 4 0 - 4 2 - 4 4 - 4 5 - 4 5 - 4 8 - 5 1 
= 3 8 - 3 4 - 3 4 - 3 3 - 3 2 - 3 1 - 3 1 - 3 1 - 3 1 - 3 1 - 3 0 - 3 1 - 3 2 - 3 2 - 3 3 - 3 3 - 3 4 - 3 5 - 3 6 - 3 7 - 4 0 - 4 2 - 4 4 - 4 6 - 4 7 - 4 8 - 5 1 - 5 4 
3 9 - 3 2 - 3 2 - 3 3 - 3 2 - 3 1 - 3 1 - 3 2 - 3 2 - 3 2 - 3 2 - 3 2 - 3 3 - 3 4 - 3 4 - 3 5 - 3 6 - 3 7 - 3 8 - 3 9 - 4 2 - 4 4 - 4 7 - 4 9 - 5 1 - 5 2 - 5 5 - 5 8 
- 4 0 - 3 0 - 3 1 - 3 2 - 3 2 - 3 1 - 3 2 - 3 3 - 3 3 - 3 4 - 3 3 - 3 4 - 3 5 - 3 6 - 3 6 - 3 6 - 3 8 - 3 9 - 4 1 - 4 2 - 4 4 - 4 8 - 5 0 - 5 3 - 5 4 - 5 5 - 5 8 - 6 1 
4 1 - 2 6 - 2 8 - 3 0 - 3 0 - 3 1 - 3 2 - 3 3 - 3 4 - 3 5 - 3 6 - 3 7 - 3 7 - 3 9 - 3 9 - 3 9 - 4 1 - 4 2 - 4 3 - 4 5 - 4 7 - 5 0 - 5 2 - 5 4 - 5 6 - 5 8 - 6 1 - 6 3 
4 2 - 2 4 - 2 6 - 2 8 - 2 9 - 3 1 - 3 2 - 3 3 - 3 4 - 3 6 - 3 7 - 3 8 - 3 9 - 4 0 - 4 1 - 4 1 - 4 3 - 4 4 - 4 5 - 4 6 - 4 8 - 5 0 - 5 2 - 5 4 - 5 7 - 5 9 - 6 1 - 6 3 
= 4 3 
R U N N O . 1 0 E S P 2 
0 0 
O J 
J - 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 6 8 
1 - 4 6 - 5 1 - 5 7 - 6 2 - 6 7 - 7 0 - 7 2 - 7 2 - 7 1 - 6 9 - 6 7 - 6 5 - 6 3 - 6 1 - 6 0 - 5 9 - 5 9 - 5 8 - 5 7 - 5 6 - 5 2 - 4 6 - 3 7 - 2 4 - 8 1 • * « 
2 - 5 0 - 6 2 - 7 4 - 8 6 - 9 3 - 9 2 - 8 8 - 8 3 - 7 8 - 7 3 - 7 0 - 6 7 - 6 6 - 6 5 - 6 6 - 6 6 - 6 6 - 6 6 - 6 5 - 6 5 - 6 2 - 5 6 - 4 4 - 2 7 - 8 1 * * * 
3 - 5 0 - 7 0 - 8 1 - 6 6 - 6 0 - 6 1 - 6 3 - 5 8 - 5 1 - 4 8 - 4 7 - 4 7 - 4 7 - 4 9 - 5 2 - 5 5 - 5 9 - 6 2 - 6 5 - 6 9 - 7 2 - 7 2 - 5 9 - 3 6 - 1 3 - 6 * • * 
4 - 4 2 - 5 4 - 6 2 - 5 1 - 4 8 - 5 4 - 6 1 - 6 1 - 5 2 - 4 7 - 4 6 - 4 4 - 4 1 - 4 2 - 4 6 - 5 0 - 5 4 - 5 7 - 6 1 - 6 5 - 7 0 - 7 1 - 6 5 - 4 5 - 2 2 - 1 3 * * * 
5 - 4 1 - 4 9 - 6 3 - 6 4 - 4 6 - 4 7 - 5 7 - 6 7 - 6 0 - 5 1 - 4 5 - 4 3 - 3 9 - 3 9 - 4 2 - 4 7 - 5 1 - 5 5 - 5 8 - 6 2 - 6 6 - 6 9 - 6 6 - 5 2 - 3 0 - 2 1 * A * 
e - 3 9 - 5 2 - 7 0 1 - 7 7 - 3 8 - 3 4 - 4 5 - 6 2 - 5 7 - 4 6 - 3 6 - 3 9 - 3 6 - 3 4 - 3 8 - 4 4 - 4 9 - 5 3 - 5 5 - 5 9 - 6 3 - 6 6 - 6 6 - 5 6 - 4 0 - 3 2 A • * 
7 - 2 7 - 4 7 1 - 7 1 1 - 5 3 - 2 3 - 2 1 - 3 1 - 4 9 - 3 9 - 3 0 - 2 7 - 3 2 - 3 6 - 3 2 - 3 6 - 4 2 - 4 7 - 5 1 - 5 3 - 5 6 - 5 8 - 6 0 - 6 2 - 5 7 - 4 8 - 4 4 * • * 
e 0 0 1 - 4 4 1 - 1 7 - 8 - 1 1 - 2 2 - 4 1 - 2 8 - 2 1 - 2 2 - 2 8 - 3 6 - 3 2 - 3 4 - 4 1 - 4 6 - 5 0 - 5 1 - 5 2 - 5 3 - 5 4 - 5 5 - 5 4 - 5 3 - 5 5 * a * 
9 ...| 0 1 0 2 0 - 5 - 1 8 - 3 7 - 2 0 - 1 6 - 2 2 - 2 7 - 3 2 - 3 0 - 3 3 - 3 9 - 4 5 - 4 9 - 5 0 - 4 9 - 4 9 - 4 9 - 5 0 - 4 8 - 5 2 - 6 2 ft • « 
1 0 1 0 0 1 1 2 0 - 3 - 1 7 1 - 4 3 - 1 7 1 - 1 8 - 2 2 - 2 6 - 3 1 - 2 9 - 3 2 - 3 8 - 4 5 - 5 0 - 5 0 - 4 8 - 4 5 - 4 4 - 4 3 - 4 1 - 4 7 - 6 2 ft ft ft 
11 0 1 0 0 0 0 - 2 - 1 0 1 - 2 7 - 1 4 1 - 2 3 - 2 2 - 2 3 - 2 5 - 2 7 - 3 0 - 3 6 - 4 4 - 5 0 - 5 0 - 4 7 - 4 2 - 3 8 - 3 6 - 3 7 - 4 5 - 5 8 ft ft ft 
1 2 1 t « • - 3 -1 0 0 -1 - 5 1 - 1 9 - 2 7 1 - 1 3 - 1 2 - 1 4 - 1 8 - 2 2 - 2 6 - 3 3 - 4 3 - 5 2 - 5 0 - 4 5 - 3 8 - 3 3 - 3 4 - 3 6 - 4 4 - 5 4 ft ft * 
1 3 1 - 2 - 4 - 3 -1 -1 - 3 - 9 0 0 0 - 4 - 8 - 1 2 - 1 7 - 2 3 - 3 1 - 4 3 - 5 7 - 5 2 - 4 2 - 3 6 - 3 2 - 3 3 - 3 5 - 4 3 - 5 2 ft ft ft 
1 4 1 0 - 5 - 4 - 3 - 3 - 1 0 - 2 7 - 2 4 0 0 - 2 - 5 - 9 - 1 4 - 1 9 - 2 8 - 4 4 - 6 6 - 5 3 - 4 0 - 3 5 - 3 2 - 3 1 - 3 5 - 4 3 - 5 1 ft ft ft 
1 5 1 2 -1 - 4 - 5 - 1 0 - 2 3 - 2 0 - 9 - 4 - 2 - 3 - 4 - 7 - 1 0 - 1 5 1 - 2 2 - 4 5 - 8 6 | - 5 1 - 3 5 - 3 3 - 3 0 - 3 1 - 3 6 - 4 4 - 5 2 ft ft ft 
1 6 1 1 -1 - 5 - 8 - 1 8 - 2 3 - 1 2 - 5 - 4 - 3 - 3 - 3 - 4 - 6 - 8 1 - 1 5 1 - 4 0 1 - 6 9 1 - 3 9 1 - 2 8 - 2 8 - 2 9 - 3 1 - 3 7 - 4 4 - 5 0 ft ft ft 
1 7 1 0 - 4 - 7 - 1 4 - 2 3 - 1 9 - 1 0 - 6 - 4 - 4 - 3 - 2 - 2 - 2 - 2 1 - 7 1 0 - 5 7 | - 1 7 1 - 2 0 - 2 4 - 2 9 - 3 3 - 3 7 - 4 3 - 4 7 ft • ft 
I S 1 - 2 - 6 - 1 0 - 1 6 - 2 1 - 1 6 - 1 1 - 8 - 6 - 4 - 3 - 2 0 0 0 | 0 | 0 0 - 1 2 1 - 1 4 - 1 8 - 2 6 - 3 2 - 3 5 - 4 0 - 4 2 * ft * 
1 9 1 - 2 - 8 - 1 1 - 1 5 - 1 5 - 1 3 - 1 1 - 1 0 - 9 - 7 - 5 - 1 1 1 0 1 0 0 1 0 0 - 8 - 1 3 - 2 1 - 2 8 - 3 1 - 3 5 - 3 7 ft a ft 
2 0 - 3 - 8 - 1 1 - 1 3 - 1 3 - 1 3 - 1 4 - 1 4 - 1 3 - 1 1 - 8 - 4 0 2 0 0 1 «• * 0 - 1 3 - 9 - 1 4 - 2 1 - 2 6 - 2 7 - 3 0 - 3 3 ft ft ft 
2 1 - 5 - 8 - 1 1 - 1 3 - 1 5 - 1 6 - 1 8 - 1 9 - 1 8 - 1 7 - 1 5 - 1 1 - 9 - 2 0 ** * 3 - 7 - 1 0 - 1 3 - 1 8 - 2 5 - 2 6 - 2 5 - 2 8 - 3 0 ft ft ft 
2 2 - 9 - 1 1 - 1 4 - 1 6 - 1 9 - 2 0 - 2 2 - 2 4 - 2 6 - 2 7 - 2 8 - 2 9 - 3 2 - 3 3 - 2 9 0 0 - 5 - 1 0 - 1 4 - 2 0 - 2 6 - 2 6 - 2 6 - 2 7 - 2 7 ft ft ft 
2 3 - 1 4 - 1 6 - 1 8 - 2 0 - 2 3 - 2 5 - 2 7 - 3 0 - 3 4 - 3 8 - 4 5 - 5 4 - 5 9 - 4 1 - 2 2 - 1 0 - 5 - 7 - 1 2 - 1 5 - 2 1 - 2 4 - 2 5 - 2 7 - 2 6 - 2 5 ft ft ft 
2 4 - 1 8 - 1 9 - 2 1 - 2 5 - 2 8 - 3 1 - 3 4 - 3 8 - 4 2 - 4 7 - 5 4 - 5 3 - 4 1 - 2 7 - 1 7 - 1 1 - 8 - 9 - 1 2 - 1 6 - 2 1 - 2 2 - 2 5 - 2 7 - 2 5 - 2 4 ft ft ft 
2 5 - 2 1 - 2 2 - 2 5 - 2 8 - 3 3 - 3 8 - 4 3 - 4 7 - 5 1 - 5 2 - 5 0 - 4 0 - 2 8 - 2 0 - 1 5 - 1 3 - 1 2 - 1 3 - 1 5 - 1 8 - 2 1 - 2 3 - 2 5 - 2 7 - 2 4 - 2 3 ft ft ft 
2 6 - 2 3 - 2 5 - 2 8 - 3 1 - 3 6 - 4 2 - 4 7 - 4 9 - 5 1 - 4 8 - 4 0 - 3 1 - 2 4 - 2 0 - 1 7 - 1 5 - 1 5 - 1 6 - 1 8 - 2 0 - 2 2 - 2 3 - 2 5 - 2 7 - 2 5 - 2 2 ft * ft 
2 7 - 2 6 - 2 8 - 3 1 - 3 3 - 3 6 - 4 4 - 4 9 - 5 0 - 4 9 - 4 5 - 3 8 - 3 0 - 2 6 - 2 2 - 1 9 - 1 8 - 1 8 - 2 0 - 2 1 - 2 2 - 2 4 - 2 5 - 2 6 - 2 7 - 2 5 - 2 3 ft ft ft 
R U N N O . 1 0 E S F 2 » 
0 0 
O J 
<J1 
J = 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 £ 6 6 7 6 8 
n 1 0 - 4 - 7 - 1 4 - 2 3 - 1 9 - 1 0 - 6 - 4 - 4 - 3 - 2 - 2 - 2 - 2 1 - 7 1 0 - 5 7 1 - 1 7 1 - 2 0 - 2 4 - 2 9 - 3 3 - 3 7 - 4 3 - 4 7 * « * 
1 8 1 - 2 - 6 - 1 0 - 1 6 - 2 1 - 1 6 - 1 1 - 8 - 6 - 4 - 3 - 2 0 0 0 1 0 1 0 0 - 1 2 1 - 1 4 - 1 8 - 2 6 - 3 2 - 3 5 - 4 0 - 4 2 « * * 
1 9 1 - 2 - 8 - 1 1 - 1 5 - 1 5 - 1 3 - 1 1 - 1 0 - 9 - 7 - 5 -1 1 1 0 1 0 0 1 0 0 - 8 - 1 3 - 2 1 - 2 8 - 3 1 - 3 5 - 3 7 * « * 
2 0 - 3 - 8 - 1 1 - 1 3 - 1 3 - 1 3 - 1 4 - 1 4 - 1 3 - 1 1 - 8 - 4 0 2 1 0 0 1 ** * 0 - 1 3 - 9 - 1 4 - 2 1 - 2 6 - 2 7 - 3 0 - 3 3 * * * 
2 1 - 5 - 8 - 1 1 - 1 3 - 1 5 - 1 6 - 1 8 - 1 9 - 1 8 - 1 7 - 1 5 - 1 1 - 9 - 2 0 A « « 3 - 7 - 1 0 - 1 3 - 1 8 - 2 5 - 2 6 - 2 5 - 2 8 - 3 0 * * * 
2 2 - 9 - 1 1 - 1 4 - 1 6 - 1 9 - 2 0 - 2 2 - 2 4 - 2 6 - 2 7 - 2 8 - 2 9 - 3 2 - 3 3 - 2 9 0 0 - 5 - 1 0 - 1 4 - 2 0 - 2 6 - 2 6 - 2 6 - 2 7 - 2 7 * * • 
2 3 - 1 4 - 1 6 - 1 8 - 2 0 - 2 3 - 2 5 - 2 7 - 3 0 - 3 4 - 3 8 - 4 5 - 5 4 - 5 9 - 4 1 - 2 2 - 1 0 - 5 - 7 - 1 2 - 1 5 - 2 1 - 2 4 - 2 5 - 2 7 - 2 6 - 2 5 « « » 
2 4 - 1 8 - 1 9 - 2 1 - 2 5 - 2 8 - 3 1 - 3 4 - 3 8 - 4 2 - 4 7 - 5 4 - 5 3 - 4 1 - 2 7 - 1 7 - 1 1 - 8 - 9 - 1 2 - 1 6 - 2 1 - 2 2 - 2 5 - 2 7 - 2 5 - 2 4 ft * * 
2 5 - 2 1 - 2 2 - 2 5 - 2 8 - 3 3 - 3 8 - 4 3 - 4 7 - 5 1 - 5 2 - 5 0 - 4 0 - 2 8 - 2 0 - 1 5 - 1 3 - 1 2 - 1 3 - 1 5 - 1 8 - 2 1 - 2 3 - 2 5 - 2 7 - 2 4 - 2 3 ft * ft 
2 6 - 2 3 - 2 5 - 2 8 - 3 1 - 3 6 - 4 2 - 4 7 - 4 9 - 5 1 - 4 8 - 4 0 - 3 1 - 2 4 - 2 0 - 1 7 - 1 5 - 1 5 - 1 6 - 1 8 - 2 0 - 2 2 - 2 3 - 2 5 - 2 7 - 2 5 - 2 2 ft « ft 
2 7 - 2 6 - 2 8 - 3 1 - 3 3 - 3 6 - 4 4 - 4 9 - 5 0 - 4 9 - 4 5 - 3 8 - 3 0 - 2 6 - 2 2 - 1 9 - 1 8 - 1 8 - 2 0 - 2 1 - 2 2 - 2 4 - 2 5 - 2 6 - 2 7 - 2 5 - 2 3 ft ft ft 
= 2 8 - 2 9 - 3 1 - 3 3 - 3 5 - 3 7 - 4 5 - 5 1 - 4 9 - 4 7 - 4 3 - 3 7 - 3 0 - 2 6 - 2 3 - 2 2 - 2 1 - 2 1 - 2 2 - 2 3 - 2 5 - 2 6 - 2 6 - 2 7 - 2 7 - 2 5 - 2 3 ft ft ft 
= 2 9 - 3 0 - 3 2 - 3 5 - 4 0 - 4 2 - 3 9 - 4 4 - 4 5 - 4 4 - 4 1 - 3 6 - 3 1 - 2 7 - 2 6 - 2 5 - 2 4 - 2 4 - 2 4 - 2 5 - 2 7 - 2 8 - 2 8 - 2 8 - 2 8 - 2 6 - 2 4 ft ft ft 
3 0 - 3 2 - 3 4 - 3 6 - 3 8 - 3 9 - 3 7 - 4 1 - 4 2 - 4 2 - 4 0 - 3 7 - 3 2 - 2 9 - 2 8 - 2 8 - 2 8 - 2 7 - 2 6 - 2 7 - 2 8 - 2 8 - 2 9 - 2 9 - 2 9 - 2 6 - 2 5 ft ft ft 
3 1 - 3 4 - 3 5 - 3 7 - 3 8 - 3 9 - 4 0 - 4 1 - 4 1 - 4 1 - 4 0 - 3 8 - 3 4 - 3 2 - 3 1 - 3 1 - 3 1 - 3 0 - 2 9 - 2 8 - 2 8 - 2 9 - 2 9 - 2 9 - 2 9 - 2 7 - 2 5 ft ft ft 
= 3 2 - 3 5 - 3 7 - 3 8 - 3 9 - 4 1 - 4 1 - 4 2 - 4 2 - 4 1 - 4 0 - 3 9 - 3 7 - 3 5 - 3 4 - 3 3 - 3 3 - 3 2 - 3 1 - 3 0 - 2 9 - 2 9 - 2 9 - 2 9 - 2 9 - 2 8 - 2 6 ft ft ft 
3 3 - 3 8 - 3 9 - 4 0 - 4 0 - 4 2 - 4 2 - 4 3 - 4 3 - 4 3 - 4 2 - 4 2 - 4 0 - 3 7 - 3 6 - 3 5 - 3 5 - 3 3 - 3 2 - 3 1 - 2 9 - 2 9 - 2 9 - 3 0 - 3 1 - 2 9 - 2 6 ft ft ft 
3 4 - 4 0 - 4 0 - 4 0 - 4 1 - 4 2 - 4 4 - 4 4 - 4 4 - 4 5 - 4 4 - 4 4 - 4 3 - 4 0 - 3 9 - 3 7 - 3 6 - 3 4 - 3 3 - 3 1 - 3 0 - 2 8 - 2 7 - 3 0 - 3 1 - 2 9 - 2 7 ft ft ft 
3 5 - 4 0 - 4 1 - 4 1 - 4 2 - 4 3 - 4 5 - 4 6 - 4 7 - 4 8 - 4 7 - 4 6 - 4 5 - 4 3 - 4 1 - 3 9 - 3 6 - 3 4 - 3 3 - 3 1 - 2 9 - 2 8 - 2 7 - 2 9 - 3 0 - 2 9 - 2 8 ft ft ft 
= 3 6 - 4 1 - 4 2 - 4 3 - 4 4 - 4 6 - 4 7 - 4 9 - 5 1 - 5 1 - 5 1 - 4 9 - 4 8 - 4 5 - 4 3 - 4 1 - 3 8 - 3 5 - 3 3 - 3 1 - 3 0 - 2 9 - 2 8 - 2 7 - 2 8 - 2 9 - 2 8 ft ft ft 
3 7 - 4 2 - 4 4 - 4 5 - 4 5 - 4 8 - 5 1 - 5 3 - 5 5 - 5 6 - 5 5 - 5 3 - 5 1 - 4 8 - 4 4 - 4 2 - 3 8 - 3 6 - 3 3 - 3 1 - 3 0 - 3 0 - 3 1 - 3 1 - 3 2 - 3 1 - 2 9 ft ft ft 
- 3 8 - 4 4 - 4 6 - 4 7 - 4 8 - 5 1 - 5 4 - 5 7 - 5 9 - 6 1 - 6 0 - 5 8 - 5 5 - 5 1 - 4 7 - 4 3 - 3 9 - 3 6 - 3 3 - 3 1 - 3 1 - 3 1 - 3 3 - 3 6 - 3 7 - 3 3 - 3 0 ft ft ft 
3 9 - 4 7 - 4 9 - 5 1 - 5 2 - 5 5 - 5 8 - 6 1 - 6 4 - 6 6 - 6 4 - 6 2 - 5 9 - 5 3 - 4 8 - 4 3 - 4 0 - 3 6 - 3 3 - 3 1 - 3 0 - 3 1 - 3 3 - 3 6 - 3 5 - 3 3 - 3 2 ft ft * 
- 4 0 - 5 0 - 5 3 - 5 4 - 5 5 - 5 8 - 6 1 - 6 4 - 6 8 - 7 1 - 7 0 - 6 7 - 6 3 - 5 8 - 5 3 - 4 8 - 4 3 - 3 9 - 3 6 - 3 3 - 3 2 - 3 2 - 3 4 - 3 6 - 3 6 - 3 5 - 3 4 ft ft ft 
- 4 1 - 5 2 - 5 4 - 5 6 - 5 8 - 6 1 - 6 3 - 6 6 - 6 8 - 7 0 - 7 1 - 7 0 - 6 8 - 6 4 - 6 0 - 5 6 - 5 1 - 4 7 - 4 4 - 4 1 - 3 9 - 3 8 - 3 8 - 3 8 - 3 7 - 3 7 - 3 6 ft ft ft 
4 2 - 5 2 - 5 4 - 5 7 - 5 9 - 6 1 - 6 3 - 6 5 - 6 6 - 6 8 - 6 9 - 6 8 - 6 7 - 6 4 - 6 2 - 5 9 - 5 4 - 5 1 - 4 8 - 4 5 - 4 2 - 4 1 - 4 0 - 3 9 - 3 9 - 3 9 - 3 8 ft ft ft 
R U N N O . 1 0 E P L 2 d o g L 
> 
0 0 
J = 1 2 3 4 5 6 7 6 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 1 6 B 1 6 9 1 9 2 1 9 4 1 9 6 1 9 8 2 0 0 2 0 1 2 0 2 2 0 3 2 0 3 2 0 3 2 0 3 2 0 2 2 0 2 2 0 1 1 9 9 1 9 8 1 9 6 1 9 5 1 9 4 1 9 3 1 9 2 1 9 1 1 9 0 1 9 0 1 8 9 
= 2 1 8 7 1 8 9 1 9 2 1 9 5 1 9 7 2 0 0 2 0 2 2 0 3 2 0 4 2 0 4 2 0 5 2 0 5 2 0 4 2 0 4 2 0 3 2 0 2 2 0 1 1 9 9 1 9 6 1 9 6 1 9 5 1 9 4 1 9 3 1 9 3 1 9 3 1 9 2 1 9 2 
3 1 8 7 1 8 9 1 9 3 1 9 6 1 9 9 2 0 1 2 0 3 2 0 4 2 0 5 2 0 5 2 0 6 2 0 5 2 0 5 2 0 5 2 0 4 2 0 3 2 0 2 2 0 1 1 9 9 1 9 8 1 9 8 1 9 7 1 9 7 1 9 6 1 9 6 1 9 6 1 9 6 
= 4 1 8 7 1 8 9 1 9 3 1 9 7 1 9 9 2 0 1 2 0 3 2 0 4 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 4 2 0 3 2 0 2 2 0 1 2 0 0 1 9 9 1 9 9 1 9 9 1 9 9 1 9 9 1 9 8 1 9 8 
= 5 1 8 7 1 8 9 1 9 4 1 9 8 2 0 0 2 0 2 2 0 3 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 4 2 0 4 2 0 3 2 0 2 2 0 2 2 0 1 2 0 1 2 0 0 2 0 0 2 0 0 2 0 0 1 9 9 1 9 9 
= £ 1 8 7 1 6 9 1 9 5 1 9 6 2 0 1 2 0 2 2 0 3 2 0 4 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 4 2 0 4 2 0 3 2 0 3 2 0 2 2 0 2 2 0 2 2 0 1 2 0 1 2 0 0 2 0 0 1 9 9 
7 1 8 7 1 9 0 1 9 6 1 9 9 2 0 1 2 0 2 2 0 3 2 0 4 2 0 4 2 0 4 2 0 4 2 0 5 2 0 4 2 0 5 2 0 5 2 0 4 2 0 4 2 0 4 2 0 4 2 0 3 2 0 3 2 0 3 2 0 2 2 0 1 2 0 0 1 9 9 1 9 8 
e 1 8 7 1 9 1 1 9 7 2 0 0 2 0 2 2 0 3 2 0 3 2 0 4 2 0 4 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 5 2 0 4 2 0 3 2 0 3 2 0 1 2 0 0 1 9 8 1 9 6 
9 1 8 8 1 9 1 1 9 8 2 0 1 2 0 2 2 0 3 2 0 4 2 0 4 2 0 4 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 6 2 0 6 2 0 6 2 0 6 2 0 6 2 0 6 2 0 5 2 0 4 2 0 3 2 0 1 1 9 6 1 9 6 1 9 4 
1 0 1 8 8 1 9 2 1 9 9 2 0 2 2 0 3 2 0 3 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 5 2 0 6 2 0 6 2 0 7 2 0 7 2 0 7 2 0 7 2 0 7 2 0 7 2 0 6 2 0 5 2 0 3 2 0 0 1 9 7 1 9 4 1 9 1 
= 1 1 I B B 1 9 2 1 9 9 2 0 2 2 0 3 2 0 4 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 6 2 0 6 2 0 7 2 0 7 2 0 8 2 0 8 2 0 8 2 0 8 2 0 7 2 0 6 2 0 4 2 0 2 1 9 8 1 9 4 1 9 1 1 8 7 
1 2 1 6 8 1 9 2 1 9 9 2 0 2 2 0 3 2 0 4 2 0 4 2 0 5 2 0 5 2 0 5 2 0 6 2 0 6 2 0 7 2 0 8 2 0 6 2 0 9 2 0 9 2 0 9 2 0 9 2 0 8 2 0 6 2 0 4 2 0 0 1 9 6 1 9 1 1 8 6 1 8 0 
1 3 1 8 7 1 9 2 1 9 9 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 5 2 0 6 2 0 6 2 0 7 2 0 7 2 0 8 2 0 9 2 1 0 2 1 0 2 1 0 2 1 0 2 0 9 2 0 6 2 0 4 1 9 9 1 9 3 1 8 7 1 8 0 1 7 2 
1 4 1 6 7 1 9 1 1 9 6 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 5 2 0 6 2 0 6 2 0 7 2 0 6 2 0 9 2 1 0 2 1 1 2 1 2 2 1 2 2 1 1 2 1 0 2 0 7 2 0 3 1 9 8 1 9 2 1 6 5 1 7 7 1 6 4 
1 5 1 8 £ 1 9 1 1 9 8 2 0 1 2 0 3 2 0 4 2 0 4 2 0 5 2 0 5 2 0 6 2 0 6 2 0 8 2 0 9 2 1 0 2 1 1 2 1 2 2 1 3 2 1 3 2 1 2 2 1 1 2 0 8 2 0 3 1 9 7 1 9 1 1 8 5 1 7 9 1 7 0 
= 1 £ 1 8 6 1 9 0 1 9 7 2 0 1 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 6 2 0 7 2 0 8 2 1 0 2 1 1 2 1 2 2 1 4 2 1 5 2 1 5 2 1 5 2 1 3 2 0 9 2 0 4 1 9 8 1 9 5 1 9 2 1 6 5 1 7 7 
1 7 1 8 5 1 8 9 1 9 6 2 0 0 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 6 2 0 7 2 0 9 2 1 1 2 1 2 2 1 3 2 1 5 2 1 6 2 1 7 2 1 7 2 1 6 2 1 3 2 0 8 2 0 2 2 0 0 1 9 6 1 8 8 1 7 6 
= I B 1 8 5 1 8 9 1 9 6 2 0 0 2 0 1 2 0 3 2 0 4 2 0 4 2 0 5 2 0 6 2 0 7 2 0 9 2 1 1 2 1 3 2 1 5 2 1 7 2 1 8 2 1 9 2 2 0 2 1 9 2 1 6 2 1 5 2 1 0 2 0 4 1 9 7 1 8 7 1 7 4 
1 9 1 8 4 1 8 9 1 9 6 1 9 9 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 6 2 0 7 2 0 9 2 1 2 2 1 4 2 1 6 2 1 8 2 2 0 2 2 2 2 2 3 2 2 3 2 2 4 2 2 5 2 2 2 2 1 1 1 9 9 1 8 5 1 1 7 6 
2 0 1 8 4 1 8 8 1 9 6 1 9 9 2 0 1 2 0 3 2 0 4 2 0 4 2 0 5 2 0 6 2 0 7 2 0 9 2 1 1 2 1 4 2 1 7 2 1 9 2 2 2 2 2 4 2 2 7 2 2 9 2 3 2 2 3 5 2 3 6 2 3 5 2 1 8 2 0 6 1 5 1 
2 1 1 8 4 1 6 6 1 9 5 1 9 8 2 0 0 2 0 2 2 0 3 2 0 4 2 0 4 2 0 5 2 0 6 2 0 6 2 1 0 2 1 3 2 1 7 2 2 0 2 2 4 2 2 8 2 3 1 2 3 4 2 3 9 2 4 5 2 5 2 7 7 7 6 7 3 7 4 
= 2 2 1 8 3 1 8 8 1 9 4 1 9 7 1 9 9 2 0 0 2 0 1 2 0 2 2 0 3 2 0 3 2 0 4 2 0 6 2 0 8 2 1 2 2 1 6 2 2 0 2 2 5 2 3 0 2 3 5 2 4 1 2 4 6 2 5 4 8 2 6 9 9 3 9 3 9 5 
2 3 1 8 3 1 8 7 1 9 3 1 9 6 1 9 7 1 9 9 2 0 0 2 0 0 2 0 0 2 0 0 2 0 1 2 0 2 2 0 5 2 0 9 2 1 4 2 1 9 2 2 5 2 3 2 2 4 0 2 4 9 2 5 7 8 4 9 1 9 8 1 0 3 1 0 6 1 0 8 
2 4 1 8 3 1 8 6 1 9 2 1 9 4 1 9 5 1 9 7 1 9 8 1 9 8 1 9 6 1 9 8 1 9 6 1 9 9 2 0 1 2 0 4 2 0 9 2 1 4 2 2 2 2 3 3 2 4 8 2 6 1 8 9 9 4 1 0 0 1 0 5 1 1 0 1 1 3 1 1 6 
2 5 1 8 2 1 8 6 1 9 1 1 9 2 1 9 4 1 9 5 1 9 6 1 9 6 1 9 6 1 9 6 1 9 5 1 9 4 1 9 5 1 9 5 2 0 0 2 0 3 2 0 9 2 3 4 2 6 6 9 7 1 0 1 1 0 4 1 0 7 1 1 1 1 1 5 1 1 8 1 2 1 
2 6 1 8 2 1 8 5 1 8 9 1 9 1 1 9 2 1 9 3 1 9 4 1 9 4 1 9 3 1 9 2 1 9 0 1 8 9 1 6 8 1 8 7 1 8 7 1 8 6 1 8 1 1 4 8 1 1 7 1 1 3 1 1 2 1 1 2 1 1 4 1 1 7 1 2 0 1 2 2 1 2 5 
3 2 7 1 8 1 1 8 4 1 8 8 1 8 9 1 9 0 1 9 1 1 9 1 1 9 2 1 9 1 1 8 9 1 8 7 1 8 5 1 8 2 1 6 0 1 7 8 1 7 3 1 6 5 1 4 8 1 3 2 1 2 5 1 2 2 1 2 0 1 2 0 1 2 1 1 2 3 1 2 6 1 2 8 
R U N N O . 1 0 E P L 2 d e g L 
> 
0 0 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 7 1 8 5 1 8 9 1 9 6 2 0 0 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 6 2 0 7 2 0 9 2 1 1 2 1 2 2 1 3 2 1 5 2 1 6 2 1 7 2 1 7 2 1 6 2 1 3 2 0 8 2 0 2 2 0 0 1 9 6 1 8 8 1 7 6 
1 8 1 8 5 1 8 9 1 9 6 2 0 0 2 0 1 2 0 3 2 0 4 2 0 4 2 0 5 2 0 6 2 0 7 2 0 9 2 1 1 2 1 3 2 1 5 2 1 7 2 1 8 2 1 9 2 2 0 2 1 9 2 1 8 2 1 5 2 1 0 2 0 4 1 9 7 1 8 7 1 7 4 
1 9 1 8 4 1 8 9 1 9 6 1 9 9 2 0 2 2 0 3 2 0 4 2 0 5 2 0 5 2 0 6 2 0 7 2 0 9 2 1 2 2 1 4 2 1 6 2 1 8 2 2 0 2 2 2 2 2 3 2 2 3 2 2 4 2 2 5 2 2 2 2 1 1 1 9 9 1 8 5 1 1 7 6 
2 0 1 8 4 1 8 8 1 9 6 1 9 9 2 0 1 2 0 3 2 0 4 2 0 4 2 0 5 2 0 6 2 0 7 2 0 9 2 1 1 2 1 4 2 1 7 2 1 9 2 2 2 2 2 4 2 2 7 2 2 9 2 3 2 2 3 5 2 3 8 2 3 5 2 1 8 2 0 8 1 5 1 
2 1 1 8 4 1 8 8 1 9 5 1 9 8 2 0 0 2 0 2 2 0 3 2 0 4 2 0 4 2 0 5 2 0 6 2 0 8 2 1 0 2 1 3 2 1 7 2 2 0 2 2 4 2 2 8 2 3 1 2 3 4 2 3 9 2 4 5 2 5 2 7 7 7 6 7 3 7 4 
IS 22 1 8 3 1 8 8 1 9 4 1 9 7 1 9 9 2 0 0 2 0 1 2 0 2 2 0 3 2 0 3 2 0 4 2 0 6 2 0 8 2 1 2 2 1 6 2 2 0 2 2 5 2 3 0 2 3 5 2 4 1 2 4 8 2 5 4 8 2 8 9 9 3 9 3 9 5 
-- 2 3 1 8 3 1 8 7 1 9 3 1 9 6 1 9 7 1 9 9 2 0 0 2 0 0 2 0 0 2 0 0 2 0 1 2 0 2 2 0 5 2 0 9 2 1 4 2 1 9 2 2 5 2 3 2 2 4 0 2 4 9 2 5 7 8 4 9 1 9 8 1 0 3 1 0 6 1 0 8 
2 4 1 8 3 1 8 6 1 9 2 1 9 4 1 9 5 1 9 7 1 9 8 1 9 8 1 9 8 1 9 8 1 9 8 1 9 9 2 0 1 2 0 4 2 0 9 2 1 4 2 2 2 2 3 3 2 4 8 2 6 1 8 9 9 4 1 0 0 1 0 5 1 1 0 1 1 3 1 1 6 
= 2 5 1 8 2 1 8 6 1 9 1 1 9 2 1 9 4 1 9 5 1 9 6 1 9 6 1 9 6 1 9 6 1 9 5 1 9 4 1 9 5 1 9 5 2 0 0 2 0 3 2 0 9 2 3 4 2 6 6 9 7 1 0 1 1 0 4 1 0 7 1 1 1 1 1 5 1 1 8 1 2 1 
2 6 1 8 2 1 8 5 1 8 9 1 9 1 1 9 2 1 9 3 1 9 4 1 9 4 1 9 3 1 9 2 1 9 0 1 8 9 1 8 8 1 8 7 1 8 7 1 8 6 1 8 1 1 4 8 1 1 7 1 1 3 1 1 2 1 1 2 1 1 4 1 1 7 1 2 0 1 2 2 1 2 5 
s 2 7 1 8 1 1 8 4 1 8 8 1 8 9 1 9 0 1 9 1 1 9 1 1 9 2 1 9 1 1 8 9 1 8 7 1 8 5 1 8 2 1 8 0 1 7 8 1 7 3 1 6 5 1 4 8 1 3 2 1 2 5 1 2 2 1 2 0 1 2 0 1 2 1 1 2 3 1 2 6 1 2 8 
2 8 1 8 0 1 8 3 1 8 6 1 8 7 1 8 8 1 8 9 1 8 9 1 8 9 1 8 9 1 8 7 1 8 5 1 8 2 1 7 9 1 7 6 1 7 3 1 6 8 1 5 9 1 5 0 1 3 9 1 3 2 1 2 9 1 2 6 1 2 6 1 2 6 1 2 7 1 2 9 1 3 0 
= 2 9 1 7 9 1 8 2 1 8 4 1 8 5 1 8 6 1 8 7 1 8 7 1 8 7 1 8 6 1 8 4 1 8 1 1 7 9 1 7 6 1 7 3 1 7 0 1 6 5 1 5 7 1 4 9 1 4 1 1 3 7 1 3 4 1 3 2 1 3 0 1 3 0 1 3 0 1 3 1 1 3 2 
- 3 0 1 7 8 1 8 1 1 8 3 1 8 3 1 8 4 1 8 4 1 8 4 1 8 4 1 8 2 1 8 0 1 7 8 1 7 5 1 7 2 1 7 0 1 6 6 1 6 2 1 5 6 1 5 0 1 4 4 1 4 0 1 3 7 1 3 6 1 3 4 1 3 3 1 3 3 1 3 3 1 3 4 
3 1 1 7 8 1 8 0 1 8 1 1 8 2 1 8 2 1 8 2 1 8 2 1 8 1 1 7 9 1 7 7 1 7 4 1 7 2 1 6 9 1 6 6 1 6 2 1 5 9 1 5 4 1 5 0 1 4 6 1 4 2 1 4 0 1 3 8 1 3 6 1 3 5 1 3 5 1 3 5 1 3 6 
3 2 1 7 7 1 7 9 1 8 0 1 8 0 1 8 0 1 8 0 1 8 0 1 7 9 1 7 7 1 7 4 1 7 2 1 6 9 1 6 6 1 6 3 1 5 9 1 5 6 1 5 3 1 5 0 1 4 6 1 4 3 1 4 1 1 3 9 1 3 8 1 3 7 1 3 6 1 3 6 1 3 7 
• 3 3 1 7 6 1 7 7 1 7 8 1 7 8 1 7 9 1 7 9 1 7 8 1 7 7 1 7 5 1 7 2 1 7 0 1 6 7 1 6 4 1 6 1 1 5 8 1 5 5 1 5 2 1 4 9 1 4 7 1 4 4 1 4 1 1 4 0 1 3 9 1 3 8 1 3 7 1 3 7 1 3 7 
3 4 1 7 6 1 7 7 1 7 7 1 7 7 1 7 7 1 7 7 1 7 6 1 7 5 1 7 3 1 7 1 1 6 8 1 6 5 1 6 2 1 5 9 1 5 6 1 5 3 1 5 1 1 4 8 1 4 6 1 4 4 1 4 2 1 4 0 1 3 9 1 3 8 1 3 8 1 3 8 1 3 8 
- 3 5 1 7 5 1 7 5 1 7 6 1 7 5 1 7 6 1 7 5 1 7 4 1 7 3 1 7 2 1 6 9 1 6 7 1 6 4 1 6 1 1 5 7 1 5 4 1 5 2 1 4 9 1 4 7 1 4 5 1 4 3 1 4 2 1 4 0 1 3 9 1 3 8 1 3 8 1 3 8 1 3 8 
s 3 6 1 7 4 1 7 4 1 7 4 1 7 4 1 7 4 1 7 4 1 7 3 1 7 1 1 7 0 1 6 7 1 6 5 1 6 2 1 5 9 1 5 6 1 5 3 1 5 1 1 4 9 1 4 7 1 4 4 1 4 3 1 4 1 1 4 0 1 3 9 1 3 8 1 3 8 1 3 8 1 3 8 
3 7 1 7 2 1 7 3 1 7 3 1 7 3 1 7 3 1 7 2 1 7 1 1 7 0 1 6 8 1 6 6 1 6 3 1 6 0 1 5 8 1 5 5 1 5 2 1 5 0 1 4 8 1 4 6 1 4 4 1 4 2 1 4 1 1 4 0 1 3 9 1 3 8 1 3 8 1 3 7 1 3 7 
3 8 1 7 1 1 7 2 1 7 1 1 7 2 1 7 1 1 7 1 1 7 0 1 6 8 1 6 6 1 6 4 1 6 2 1 5 9 1 5 7 1 5 4 1 5 2 1 4 9 1 4 8 1 4 5 1 4 4 1 4 2 1 4 1 1 4 0 1 3 9 1 3 9 1 3 8 1 3 7 1 3 7 
• 3 9 1 7 0 1 7 0 1 7 0 1 7 0 1 7 0 1 7 0 1 6 8 1 6 7 1 6 5 1 6 3 1 6 1 1 5 9 1 5 6 1 5 4 1 5 2 1 5 0 1 4 7 1 4 6 1 4 4 1 4 2 1 4 1 1 4 0 1 3 9 1 3 9 1 3 8 1 3 7 1 3 7 
s 4 0 1 6 8 1 6 9 1 6 9 1 6 9 1 6 9 1 6 8 1 6 7 1 6 6 1 6 4 1 6 2 1 6 1 1 5 9 1 5 7 1 5 5 1 5 3 1 5 1 1 4 9 1 4 7 1 4 6 1 4 4 1 4 3 1 4 2 1 4 1 1 4 0 1 3 9 1 3 8 1 3 8 
4 1 1 6 6 1 6 7 1 6 7 1 6 7 1 6 7 1 6 7 1 6 6 1 6 6 1 6 5 1 6 4 1 6 3 1 6 1 1 6 1 1 5 9 1 5 8 1 5 6 1 5 5 1 5 4 1 5 2 1 5 1 1 4 9 1 4 8 1 4 7 1 4 6 1 4 5 1 4 4 1 4 3 
4 2 1 6 6 1 6 7 1 6 7 1 6 7 1 6 7 1 6 7 1 6 7 1 6 7 1 6 6 1 6 5 1 6 5 1 6 4 1 6 3 1 6 2 1 6 1 1 6 0 1 5 9 1 5 8 1 5 7 1 5 6 1 5 5 1 5 4 1 5 3 1 1 5 2 1 5 1 1 5 0 1 4 9 
R U N N O . 1 0 E P X . 2 d e g L 
0 0 
J - 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
= 1 1 9 4 1 9 3 1 9 2 1 9 1 1 9 0 1 9 0 1 8 9 1 8 9 1 8 8 1 8 8 1 8 8 1 8 7 1 8 7 1 8 7 1 8 6 1 8 6 1 8 6 1 8 6 1 8 5 1 8 5 1 8 5 1 8 5 1 8 5 1 8 6 1 8 7 1 9 0 1 9 4 
2 1 9 5 1 9 4 1 9 3 1 9 3 1 9 3 1 9 2 1 9 2 1 9 2 1 9 2 1 9 1 1 9 1 1 9 1 1 9 1 1 9 1 1 9 0 1 9 0 1 8 9 1 8 9 1 8 8 1 8 7 1 8 6 1 8 4 1 8 2 1 8 3 1 6 7 2 1 0 2 3 0 
= 3 1 9 8 1 9 7 1 9 7 1 9 6 1 9 6 1 9 6 1 9 6 1 9 6 1 9 6 1 9 6 1 9 6 1 9 6 1 9 5 1 9 5 1 9 4 1 9 4 1 9 3 1 9 1 1 8 9 1 8 7 1 8 3 1 7 4 1 5 8 1 1 8 6 8 7 9 2 5 7 
4 1 9 9 1 9 9 1 9 9 1 9 9 1 9 9 1 9 8 1 9 8 1 9 8 1 9 8 1 9 8 1 9 7 1 9 7 1 9 6 1 9 6 1 9 5 1 9 4 1 9 3 1 9 1 1 B 8 1 8 4 1 7 6 1 6 4 1 4 5 1 1 4 8 2 2 4 9 2 4 5 
= 5 2 0 1 2 0 0 2 0 0 2 0 0 2 0 0 1 9 9 1 9 9 1 9 9 1 9 8 1 9 8 1 9 7 1 9 6 1 9 6 1 9 5 1 9 4 1 9 3 1 9 1 1 8 9 1 8 6 1 7 9 1 6 8 1 5 6 1 4 4 1 2 3 7 2 2 3 5 2 3 1 
D . 6 2 0 2 2 0 2 2 0 1 2 0 1 2 0 0 2 0 0 1 9 9 1 9 8 1 9 7 1 9 6 1 9 6 1 9 5 1 9 4 1 9 3 1 9 2 1 9 0 1 8 8 1 8 6 1 8 3 1 7 4 1 6 2 1 4 9 1 3 6 1 2 6 1 2 0 8 2 1 5 2 1 8 
= 7 2 0 3 2 0 3 2 0 2 2 0 1 2 0 0 1 9 9 1 9 8 1 9 7 1 9 6 1 9 4 1 9 4 1 9 3 1 9 2 1 9 1 1 8 9 1 8 7 1 8 4 1 8 2 1 7 8 1 6 8 1 5 5 1 3 8 n i l 6 5 1 1 9 0 2 0 2 2 0 9 
8 2 0 4 2 0 3 2 0 3 2 0 1 2 0 0 1 9 8 1 9 6 1 9 4 1 9 3 1 9 2 1 9 1 1 9 0 1 8 9 1 8 6 1 8 4 1 8 2 1 8 0 1 7 7 1 7 1 1 2 2 6 I S O 1 3 1 2 2 6 I 1 9 4 U 9 0 1 9 8 2 0 5 
= 9 2 0 5 2 0 4 2 0 3 2 0 1 1 9 8 1 9 6 1 9 4 1 9 2 1 9 0 1 8 8 1 8 7 1 8 6 1 8 4 1 8 0 1 7 7 1 7 4 U 7 5 1 7 1 1 5 6 | 2 2 6 | « * « • « • 2 1 1 8 4 1 9 0 1 9 7 2 0 2 
1 0 2 0 6 2 0 5 2 0 3 2 0 0 1 9 7 1 9 4 1 9 1 1 8 8 I B S 1 8 3 1 8 1 1 8 0 1 7 6 1 7 1 1 6 6 U 6 6 2 2 6 1 1 6 8 1 9 2 1 9 7 1 9 8 
1 1 2 0 6 2 0 4 2 0 2 1 9 8 1 9 4 1 9 1 1 8 7 1 8 2 1 7 9 1 7 6 1 7 4 1 7 2 1 6 8 1 1 2 2 6 1 1 8 6 1 8 9 1 9 3 1 9 6 1 9 6 
1 2 2 0 6 2 0 4 2 0 0 1 9 6 1 9 1 1 8 6 1 8 0 1 7 5 1 7 1 1 6 8 1 6 4 1 6 1 1 5 7 1 2 | « « « 1 8 5 1 9 0 1 9 3 1 9 5 1 9 5 
= 1 3 2 0 6 2 0 4 1 9 9 1 9 3 1 8 7 1 8 0 1 7 2 1 6 4 1 5 9 1 5 3 1 4 6 1 4 4 1 1 4 4 1 3 5 ... ... ... ... ... .* . | « « « U 7 7 1 6 3 1 9 0 1 9 4 1 9 4 1 9 3 
= 1 4 2 0 7 2 0 3 1 9 8 1 9 2 1 8 5 1 7 7 1 6 4 1 4 4 1 3 9 1 4 2 U 2 3 1 1 9 1 1 4 7 1 1 6 6 1 6 2 1 9 1 1 9 4 1 9 3 1 8 9 
1 5 2 0 8 2 0 3 1 9 7 1 9 1 1 8 5 1 7 9 1 7 0 1 6 0 1 1 5 2 1 8 I 1 5 5 U 6 B 1 8 3 1 9 2 1 9 3 1 8 9 1 8 0 
1 6 2 0 9 2 0 4 1 9 8 1 9 5 1 9 2 1 8 5 1 7 7 1 1 6 1 1 1 7 0 1 8 3 1 9 0 1 9 0 1 8 4 1 7 3 
1 7 2 1 3 2 0 8 2 0 2 2 0 0 1 9 6 1 8 8 U 6 3 U 7 1 1 8 1 1 8 6 1 8 6 1 7 9 1 7 2 
= I B 2 1 8 2 1 5 2 1 0 2 0 4 1 9 7 U 6 2 I 1 7 0 1 7 6 1 6 0 1 7 9 1 7 3 1 7 2 
B 1 9 2 2 4 2 2 5 2 2 2 2 1 1 1 9 9 1 8 5 1 1 7 6 1 6 2 1 1 6 8 1 7 3 1 7 4 1 7 3 1 7 1 1 7 4 
2 0 2 3 2 2 3 5 2 3 8 2 3 5 2 1 8 2 0 8 5 1 7 2 7 6 7 9 1 1 5 8 1 6 3 1 6 7 1 6 9 1 6 9 1 7 1 1 7 6 
B 2 1 2 3 9 2 4 5 2 5 2 7 7 7 6 7 3 7 4 8 2 8 7 9 0 1 9 6 1 0 2 1 0 4 1 0 7 1 0 8 1 0 8 U 1 1 1 1 3 1 1 9 1 1 3 1 1 4 9 1 5 8 1 6 3 1 6 5 1 6 6 1 7 2 1 7 7 
2 2 2 4 8 2 5 4 8 2 8 9 9 3 9 3 9 5 9 8 1 0 1 1 0 3 1 0 5 1 0 8 1 1 0 1 1 2 1 1 4 1 1 6 1 1 9 1 2 2 1 2 8 1 3 7 1 4 9 1 5 7 1 6 1 1 6 4 1 6 6 1 7 3 1 7 9 
2 3 2 5 7 8 4 9 1 9 8 1 0 3 1 0 6 1 0 8 1 1 0 1 1 2 1 1 4 1 1 6 1 1 7 1 1 9 1 2 1 1 2 3 1 2 6 1 2 9 1 3 3 1 3 9 1 4 5 1 5 2 1 5 7 1 6 1 1 6 5 1 7 0 1 7 5 1 8 0 
= 2 4 8 9 9 4 1 0 0 1 0 5 1 1 0 1 1 3 1 1 6 1 1 8 1 2 0 1 2 2 1 2 4 1 2 6 1 2 7 1 2 9 1 3 2 1 3 5 1 3 8 1 4 2 1 4 6 1 5 1 1 5 5 1 5 8 1 6 2 1 6 6 1 7 0 1 7 5 1 7 9 
2 5 1 0 1 1 0 4 1 0 7 U l 1 1 5 1 1 8 1 2 1 1 2 4 1 2 6 1 2 8 1 3 0 1 3 2 1 3 4 1 3 6 1 3 8 1 4 1 1 4 4 1 4 8 1 5 1 1 5 4 1 5 7 1 6 0 1 6 3 1 6 6 1 7 0 1 7 3 1 7 7 
= 2 6 1 1 2 1 1 2 1 1 4 1 1 7 1 2 0 1 2 2 1 2 5 1 2 7 1 2 9 1 3 2 1 3 4 1 3 6 1 3 8 1 4 0 1 4 3 1 4 5 1 4 8 1 5 1 1 5 3 1 5 6 1 5 9 1 6 1 1 6 4 1 6 6 1 6 9 1 7 1 1 7 3 
2 7 1 2 2 1 2 0 1 2 0 1 2 1 1 2 3 1 2 6 1 2 8 1 3 0 1 3 2 1 3 4 1 3 6 1 3 9 1 4 1 1 4 3 1 4 5 1 4 8 1 5 0 1 5 2 1 5 5 1 5 7 1 5 9 1 6 2 1 6 4 1 6 6 1 6 8 1 6 8 1 6 7 
R U N N O . 1 0 E P L 2 d e g L 
J » 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 3 8 3 9 4 0 4 1 4 2 4 3 4 4 4 5 4 6 4 7 
n 2 1 3 2 0 8 2 0 2 2 0 0 1 9 6 1 8 8 1 7 6 1 8 1 1 8 6 1 8 6 1 7 9 1 7 2 
I B 2 1 8 2 1 5 2 1 0 2 0 4 1 9 7 1 7 8 1 8 0 1 7 9 1 7 3 1 7 2 
1 9 2 2 4 2 2 5 2 2 2 2 1 1 1 9 9 1 8 5 1 1 7 6 * * * ! * * * * * * * * * * * * * * * *** **• « * * * * 11 *** 1 6 2 1 1 6 8 1 7 3 1 7 4 1 7 3 1 7 1 1 7 4 
2 0 2 3 2 2 3 5 2 3 8 2 3 5 2 1 8 2 0 8 5 1 7 2 7 6 7 9 1 6 3 1 6 7 1 6 9 1 6 9 1 7 1 1 7 6 
= 2 1 2 3 9 2 4 5 2 5 2 7 7 7 6 7 3 7 4 8 2 8 7 9 0 9 6 1 0 2 1 0 4 1 0 7 1 0 8 1 0 8 1 1 1 1 1 1 3 1 1 9 1 1 3 1 1 4 9 1 5 8 1 6 3 1 6 5 1 6 8 1 7 2 1 7 7 
= 2 2 2 4 8 2 5 4 8 2 8 9 9 3 9 3 9 5 9 8 1 0 1 1 0 3 1 0 5 1 0 8 1 1 0 1 1 2 1 1 4 1 1 6 1 1 9 1 2 2 1 2 8 1 3 7 1 4 9 1 5 7 1 6 1 1 6 4 1 6 8 1 7 3 1 7 9 
2 3 2 5 7 8 4 9 1 9 8 1 0 3 1 0 6 1 0 8 1 1 0 1 1 2 1 1 4 1 1 6 1 1 7 1 1 9 1 2 1 1 2 3 1 2 6 1 2 9 1 3 3 1 3 9 1 4 5 1 5 2 1 5 7 1 6 1 1 6 5 1 7 0 1 7 5 1 8 0 
2 4 8 9 9 4 1 0 0 1 0 5 1 1 0 1 1 3 1 1 6 1 1 8 1 2 0 1 2 2 1 2 4 1 2 6 1 2 7 1 2 9 1 3 2 1 3 5 1 3 8 1 4 2 1 4 6 1 5 1 1 5 5 1 5 6 1 6 2 1 6 6 1 7 0 1 7 5 1 7 9 
2 5 1 0 1 1 0 4 1 0 7 1 1 1 1 1 5 1 1 8 1 2 1 1 2 4 1 2 6 1 2 8 1 3 0 1 3 2 1 3 4 1 3 6 1 3 8 1 4 1 1 4 4 1 4 6 1 5 1 1 5 4 1 5 7 1 6 0 1 6 3 1 6 6 1 7 0 1 7 3 1 7 7 
2 6 1 1 2 1 1 2 1 1 4 1 1 7 1 2 0 1 2 2 1 2 5 1 2 7 1 2 9 1 3 2 1 3 4 1 3 6 1 3 8 1 4 0 1 4 3 1 4 5 1 4 8 1 5 1 1 5 3 1 5 6 1 5 9 1 6 1 1 6 4 1 6 6 1 6 9 1 7 1 1 7 3 
2 7 1 2 2 1 2 0 1 2 0 1 2 1 1 2 3 1 2 6 1 2 8 1 3 0 1 3 2 1 3 4 1 3 6 1 3 9 1 4 1 1 4 3 1 4 5 1 4 8 1 5 0 1 5 2 1 5 5 1 5 7 1 5 9 1 6 2 1 6 4 1 6 6 1 6 8 1 6 6 1 6 7 
2 8 1 2 9 1 2 6 1 2 6 1 2 6 1 2 7 1 2 9 1 3 0 1 3 2 1 3 4 1 3 6 1 3 8 1 4 0 1 4 2 1 4 4 1 4 7 1 4 9 1 5 0 1 5 3 1 5 5 1 5 7 1 5 9 1 6 1 1 6 3 1 6 5 1 6 8 1 6 8 1 6 5 
t - 2 9 1 3 4 1 3 2 1 3 0 1 3 0 1 3 0 1 3 1 1 3 2 1 3 4 1 3 5 1 3 7 1 3 9 1 4 1 1 4 3 1 4 5 1 4 7 1 4 9 1 5 0 1 5 2 1 5 4 1 5 6 1 5 8 1 6 0 1 6 1 1 6 3 1 6 4 1 6 3 1 6 5 
3 0 1 3 7 1 3 6 1 3 4 1 3 3 1 3 3 1 3 3 1 3 4 1 3 5 1 3 7 1 3 8 1 4 0 1 4 1 1 4 3 1 4 5 1 4 7 1 4 8 1 5 0 1 5 2 1 5 4 1 5 5 1 5 7 1 5 9 1 6 0 1 6 0 1 6 1 1 5 9 1 6 2 
[ = 3 1 1 4 0 1 3 8 1 3 6 1 3 5 1 3 5 1 3 5 1 3 6 1 3 6 1 3 8 1 3 9 1 4 0 1 4 2 1 4 3 1 4 5 1 4 6 1 4 8 1 5 0 1 5 2 1 5 3 1 5 4 1 5 6 1 5 7 1 5 8 1 5 9 1 5 9 1 6 0 1 6 1 
t - 3 2 1 4 1 1 3 9 1 3 8 1 3 7 1 3 6 1 3 6 1 3 7 1 3 8 1 3 8 1 3 9 1 4 1 1 4 2 1 4 3 1 4 4 1 4 5 1 4 7 1 4 9 1 5 0 1 5 2 1 5 4 1 5 5 1 5 6 1 5 7 1 5 8 1 5 6 1 5 9 1 6 0 
- 3 3 1 4 1 1 4 0 1 3 9 1 3 8 1 3 7 1 3 7 1 3 7 1 3 8 1 3 9 1 4 0 1 4 0 1 4 1 1 4 2 1 4 3 1 4 5 1 4 6 1 4 8 1 4 9 1 5 1 1 5 3 1 5 4 1 5 5 1 5 6 1 5 7 1 5 8 1 5 9 1 6 0 
3 4 1 4 2 1 4 0 1 3 9 1 3 8 1 3 8 1 3 8 1 3 8 1 3 8 1 3 9 1 3 9 1 4 0 1 4 1 1 4 2 1 4 3 1 4 4 1 4 5 1 4 6 1 4 7 1 4 9 1 5 0 1 5 2 1 5 4 1 5 5 1 5 6 1 5 7 1 5 8 1 5 9 
- 3 5 1 4 2 1 4 0 1 3 9 1 3 8 1 3 8 1 3 8 1 3 8 1 3 8 1 3 8 1 3 9 1 3 9 1 4 0 1 4 1 1 4 2 1 4 3 1 4 4 1 4 5 1 4 6 1 4 7 1 4 6 1 4 9 1 5 1 1 5 2 1 5 4 1 5 5 1 5 6 1 5 8 
t = 3 6 1 4 1 1 4 0 1 3 9 1 3 8 1 3 8 1 3 8 1 3 8 1 3 8 1 3 8 1 3 8 1 3 9 1 4 0 1 4 0 1 4 1 1 4 2 1 4 3 1 4 4 1 4 5 1 4 5 1 4 7 1 4 7 1 4 9 1 5 0 1 5 1 1 5 3 1 5 4 1 5 6 
[ o 3 7 1 4 1 1 4 0 1 3 9 1 3 8 1 3 8 1 3 7 1 3 7 1 3 7 1 3 7 1 3 7 1 3 8 1 3 8 1 3 9 1 4 0 1 4 1 1 4 2 1 4 3 1 4 4 1 4 4 1 4 5 1 4 6 1 4 7 1 4 7 1 4 9 1 5 0 1 5 2 1 5 4 
I = 3 8 1 4 1 1 4 0 1 3 9 1 3 9 1 3 8 1 3 7 1 3 7 1 3 6 1 3 6 1 3 7 1 3 7 1 3 8 1 3 9 1 3 9 1 4 0 1 4 1 1 4 2 1 4 2 1 4 3 1 4 4 1 4 4 1 4 5 1 4 5 1 4 6 1 4 7 1 5 0 1 5 2 
[ = 3 9 1 4 1 1 4 0 1 3 9 1 3 9 1 3 8 1 3 7 1 3 7 1 3 6 1 3 6 1 3 6 1 3 7 1 3 7 1 3 8 1 3 8 1 3 9 1 4 0 1 4 1 1 4 2 1 4 3 1 4 2 1 4 3 1 4 3 1 4 4 1 4 4 1 4 5 1 4 7 1 5 0 
r - 4 0 1 4 3 1 4 2 1 4 1 1 4 0 1 3 9 1 3 8 1 3 8 1 3 7 1 3 6 1 3 7 1 3 7 1 3 7 1 3 8 1 3 8 1 3 9 1 4 0 1 4 0 1 4 1 1 4 2 1 4 1 1 4 2 1 4 2 1 4 3 1 4 3 1 4 4 1 4 7 1 4 9 
[ - 4 1 1 4 9 1 4 8 1 4 7 1 4 6 1 4 5 1 4 4 1 4 3 1 4 3 1 4 2 1 4 2 1 4 2 1 4 1 1 4 2 1 4 2 1 4 2 1 4 3 1 4 2 1 4 3 1 4 3 1 4 3 1 4 4 1 4 5 1 4 5 1 4 6 1 4 7 1 4 9 1 5 2 
I = 4 2 1 5 5 1 5 4 1 5 3 1 1 5 2 1 5 1 1 5 0 1 4 9 1 4 8 1 4 7 1 4 7 1 4 7 1 4 £ 1 4 6 1 4 6 1 4 6 1 4 6 1 4 6 1 4 6 1 4 6 1 4 6 1 4 7 1 4 7 1 4 6 1 5 0 1 5 1 1 5 3 1 5 5 
I . 4 3 
B U N N O . 1 0 E P L 2 d e g L 
CO 
o 
J - 4 2 4 3 4 4 4 5 4 6 4 7 4 8 4 9 5 0 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 6 8 
1 1 8 5 1 8 5 1 8 6 1 8 7 1 9 0 1 9 4 1 9 8 2 0 3 2 0 8 2 1 1 2 1 3 2 1 4 2 1 3 2 1 2 2 1 1 2 0 6 2 0 5 2 0 0 1 9 6 1 8 9 1 8 3 1 7 5 1 6 9 1 6 4 1 6 0 1 5 9 It * * 
= 2 1 8 4 1 8 2 1 8 3 1 8 7 2 1 0 2 3 0 2 4 0 2 4 4 2 4 6 2 4 4 2 4 1 2 3 7 2 3 4 2 3 0 2 2 6 2 2 1 2 1 6 2 1 0 2 0 4 1 9 7 1 8 7 1 7 7 1 6 6 1 6 3 1 6 0 1 5 9 • * It 
3 1 7 4 1 5 8 1 1 8 8 8 7 9 2 5 7 7 9 8 0 7 9 7 6 2 5 3 2 5 0 2 4 7 2 4 3 2 4 0 2 3 7 2 3 3 2 3 0 2 2 5 2 1 9 2 0 7 1 8 7 1 7 0 1 6 4 1 6 2 1 6 0 II * * 
= 4 1 6 4 1 4 5 1 1 4 8 2 2 4 9 2 4 5 2 4 8 7 6 7 8 7 5 2 5 2 2 4 9 2 4 5 2 4 1 2 3 8 2 3 5 2 3 3 2 3 1 2 2 6 2 2 3 2 1 5 1 9 8 1 6 1 1 7 0 1 6 4 1 6 0 * • * 
= 5 1 5 6 1 4 4 1 2 3 7 2 2 3 5 2 3 1 2 3 2 2 4 4 2 5 2 2 4 9 2 4 6 2 4 5 2 4 2 2 3 7 2 3 3 2 3 2 2 3 1 2 2 9 2 2 7 2 2 3 2 1 7 2 0 6 1 9 0 1 7 7 1 6 7 1 6 1 ft ft * 
6 1 4 9 1 3 6 1 2 6 ( 2 0 8 2 1 5 2 1 8 2 1 8 2 2 7 2 3 8 2 3 8 2 3 8 2 3 6 2 3 5 2 3 1 2 2 8 2 2 7 2 2 7 2 2 7 2 2 6 2 2 4 2 2 0 2 1 2 2 0 0 1 8 4 1 7 0 1 6 1 ft ft ft 
7 1 3 8 1 1 1 6 5 1 1 9 0 2 0 2 2 0 9 2 1 0 2 1 8 2 3 0 2 3 2 2 3 1 2 2 8 2 2 6 2 2 4 2 2 2 2 2 1 2 2 2 2 2 3 2 2 4 2 2 4 2 2 1 2 1 6 2 0 6 1 9 4 1 7 6 1 6 4 ft * ft 
8 1 3 1 2 2 6 | 1 9 4 | 1 9 0 1 9 8 2 0 5 2 0 6 2 1 4 2 2 6 2 2 8 2 2 5 2 2 2 2 1 8 2 1 6 2 1 6 2 1 6 2 1 7 2 2 0 2 2 3 2 2 4 2 2 2 2 1 8 2 1 2 2 0 2 1 8 5 1 7 1 ft ft * 
9 ... 2 1 1 8 4 1 9 0 1 9 7 2 0 2 2 0 3 2 1 5 2 2 4 2 2 4 2 1 9 2 1 5 2 1 1 2 0 8 2 0 9 2 1 0 2 1 3 2 1 8 2 2 2 2 2 4 2 2 3 2 1 9 2 1 5 2 0 9 1 9 6 1 8 2 ft ft ft 
1 0 1 2 2 2 6 1 1 8 8 1 9 2 1 9 7 1 9 8 1 9 7 1 2 1 4 4 0 1 2 1 6 2 1 2 2 1 0 2 0 5 2 0 2 2 0 4 2 0 6 2 0 9 2 1 6 2 2 1 2 2 4 2 2 5 2 2 2 2 2 1 2 1 3 2 0 2 1 9 4 ft ft ft 
1 1 2 2 6 1 1 8 6 1 8 9 1 9 3 1 9 6 1 9 6 1 9 4 | 2 0 8 | 2 0 8 | 2 0 0 1 9 9 2 0 1 2 0 0 2 0 1 2 0 2 2 0 2 2 0 5 2 1 2 2 2 0 2 2 5 2 2 6 2 2 5 2 2 4 2 1 6 2 0 7 2 0 2 ft ft ft 
1 2 1 **• 1 8 5 1 9 0 1 9 3 1 9 5 1 9 5 1 9 3 1 1 9 1 1 8 6 1 1 8 3 1 9 1 1 9 6 1 9 8 1 9 9 2 0 0 1 9 9 2 0 1 2 0 6 2 2 0 2 2 5 2 2 9 2 2 6 2 2 4 2 1 7 2 1 0 2 0 6 ft ft ft 
1 3 1 1 7 7 1 8 3 1 9 0 1 9 4 1 9 4 1 9 3 1 9 0 1 8 6 1 7 4 1 8 2 1 8 9 1 9 4 1 9 6 1 9 7 1 9 7 1 9 5 1 9 5 2 0 3 2 2 1 2 2 8 2 3 0 2 2 7 2 2 5 2 2 0 2 1 2 2 0 7 ft ft ft 
1 4 1 1 6 6 1 8 2 1 9 1 1 9 4 1 9 3 1 8 9 1 8 6 1 7 5 1 7 8 1 8 3 1 8 8 1 9 2 1 9 4 1 9 5 1 9 3 1 9 0 1 8 7 1 9 9 2 2 6 2 3 2 2 3 0 2 2 6 2 2 5 2 2 1 2 1 2 2 0 6 ft ft ft 
1 5 1 1 6 8 1 8 3 1 9 2 1 9 3 1 8 9 1 8 0 1 7 0 1 7 5 1 8 0 1 8 4 1 8 9 1 9 2 1 9 3 1 9 3 1 9 0 ( 1 8 4 1 7 6 2 0 5 ( 2 3 3 2 3 1 2 2 8 2 2 5 2 2 3 2 2 0 2 1 1 2 0 3 ft ft ft 
1 6 1 1 7 0 1 8 3 1 9 0 1 9 0 1 8 4 1 7 3 1 7 2 1 7 7 1 8 2 1 8 6 1 9 0 1 9 2 1 9 3 1 9 1 1 8 7 ( 1 8 1 ( 1 6 6 1 8 7 ( 2 3 6 ( 2 2 9 2 2 4 2 2 1 2 2 1 2 1 6 2 0 8 2 0 0 a ft ft 
1 7 1 1 7 1 1 8 1 1 8 6 1 8 6 1 7 9 1 7 2 1 7 5 1 8 0 1 8 5 1 8 9 1 9 2 1 9 3 1 9 2 1 9 0 1 8 6 ( 1 7 9 ( 1 5 5 2 5 3 ( 2 2 7 ( 2 2 2 2 1 8 2 1 6 2 1 7 2 1 5 2 0 5 1 9 6 ft ft ft 
1 8 1 1 7 0 1 7 8 1 8 0 1 7 9 1 7 3 1 7 2 1 7 8 1 8 3 1 8 7 1 9 1 1 9 3 1 9 4 1 9 2 1 8 9 1 8 5 ( 1 8 1 ( 2 2 6 2 2 6 2 0 8 ( 2 0 9 2 1 0 2 1 0 2 1 3 2 1 3 2 0 3 1 9 4 ft ft ft 
1 9 1 1 6 8 1 7 3 1 7 4 1 7 3 1 7 1 1 7 4 1 8 0 1 8 5 1 8 9 1 9 2 1 9 5 1 9 5 1 9 1 1 8 7 1 8 2 1 3 2 2 6 ( 2 2 6 1 9 6 2 0 0 2 0 4 2 0 6 2 0 7 2 0 8 2 0 1 1 9 3 ft ft ft 
2 0 1 6 3 1 6 7 1 6 9 1 6 9 1 7 1 1 7 6 1 8 2 1 8 7 1 9 1 1 9 4 1 9 6 1 9 5 1 9 0 1 8 3 1 1 7 7 1 7 4 ( • • • 1 5 4 1 8 7 1 9 4 1 9 9 2 0 2 2 0 2 2 0 3 1 9 9 1 9 3 ft ft ft 
2 1 1 5 8 1 6 3 1 6 5 1 6 8 1 7 2 1 7 7 1 8 3 1 8 8 1 9 2 1 9 5 1 9 6 1 9 4 1 8 6 1 7 5 1 7 1 ... 1 5 2 1 6 4 1 7 9 1 6 9 1 9 5 1 9 8 1 9 9 2 0 0 1 9 7 1 9 3 ft ft ft 
2 2 1 5 7 1 6 1 1 6 4 1 6 8 1 7 3 1 7 9 1 8 4 1 8 8 1 9 2 1 9 4 1 9 5 1 9 2 1 8 3 1 6 9 1 4 3 1 4 8 1 5 7 1 6 7 1 7 7 1 8 6 1 9 2 1 9 5 1 9 6 1 9 7 1 9 6 1 9 3 ft ft ft 
2 3 1 5 7 1 6 1 1 6 5 1 7 0 1 7 5 1 8 0 1 8 4 1 8 8 1 9 0 1 9 1 1 8 9 1 8 0 1 5 9 1 4 3 1 4 2 1 5 2 1 6 0 1 6 9 1 7 8 1 6 5 1 9 0 1 9 2 1 9 5 1 9 6 1 9 5 1 9 3 ft ft ft 
2 4 1 5 8 1 6 2 1 6 6 1 7 0 1 7 5 1 7 9 1 8 4 1 8 7 1 8 8 1 8 7 1 8 0 1 6 2 1 4 8 1 4 5 1 4 9 1 5 6 1 6 3 1 7 1 1 7 9 1 8 5 1 8 9 1 9 1 1 9 4 1 9 5 1 9 5 1 9 4 ft a ft 
2 5 1 6 0 1 6 3 1 6 6 1 7 0 1 7 3 1 7 7 1 8 0 1 8 1 1 8 1 1 7 5 1 6 5 1 5 5 1 5 2 1 5 4 1 5 7 1 6 2 1 6 6 1 7 4 1 8 1 1 8 5 1 8 9 1 9 1 1 9 3 1 9 5 1 9 4 1 9 4 ft ft ft 
2 6 1 6 1 1 6 4 1 6 6 1 6 9 1 7 1 1 7 3 1 7 4 1 7 3 1 7 0 1 6 4 1 5 9 1 5 5 1 5 5 1 5 9 1 6 3 1 6 6 1 7 3 1 7 8 1 8 3 1 8 6 1 8 9 1 9 2 1 9 3 1 9 5 1 9 5 1 9 4 ft ft ft 
2 7 1 6 2 1 6 4 1 6 6 1 6 8 1 6 8 1 6 7 1 6 9 1 6 7 1 6 5 1 6 2 1 5 9 1 5 8 1 6 0 1 6 4 1 6 8 1 7 2 1 7 6 1 6 0 1 8 4 1 8 7 1 9 0 1 9 2 1 9 4 1 9 5 1 9 5 1 9 4 ft ft ft 
R U N N O . 1 0 E P L 2 d o g L 
J = 4 2 4 3 4 4 4 5 4 6 4 7 4 6 4 9 S O 5 1 5 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 6 0 6 1 6 2 6 3 6 4 6 5 6 6 6 7 
1 7 1 1 7 1 1 8 1 1 8 6 1 8 6 1 7 9 1 7 2 1 7 5 1 8 0 1 6 5 1 8 9 1 9 2 1 9 3 1 9 2 1 9 0 1 8 6 | 1 7 9 | 1 5 5 2 5 3 1 2 2 7 1 2 2 2 2 1 8 2 1 6 2 1 7 2 1 5 2 0 5 1 9 6 
= 1 8 1 1 7 0 1 7 8 1 8 0 1 7 9 1 7 3 1 7 2 1 7 6 1 6 3 1 8 7 1 9 1 1 9 3 1 9 4 1 9 2 1 8 9 1 8 5 | 1 6 1 | 2 2 6 2 2 6 2 0 8 ( 2 0 9 2 1 0 2 1 0 2 1 3 2 1 3 2 0 3 1 9 4 
1 9 1 1 6 8 1 7 3 1 7 4 1 7 3 1 7 1 1 7 4 1 8 0 1 6 5 1 8 9 1 9 2 1 9 5 1 9 5 1 9 1 1 8 7 1 8 2 1 3 2 2 6 ( 2 2 6 1 9 6 2 0 0 2 0 4 2 0 6 2 0 7 2 0 8 2 0 1 1 9 3 
= 2 0 1 6 3 1 6 7 1 6 9 1 6 9 1 7 1 1 7 6 1 8 2 1 8 7 1 9 1 1 9 4 1 9 6 1 9 5 1 9 0 1 8 3 1 1 7 7 1 5 4 1 6 7 1 9 4 1 9 9 2 0 2 2 0 2 2 0 3 1 9 9 1 9 3 
9 2 1 1 5 8 1 6 3 1 6 5 1 6 8 1 7 2 1 7 7 1 8 3 1 8 8 1 9 2 1 9 5 1 9 6 1 9 4 1 8 6 1 7 5 1 7 1 • * * 1 5 2 1 6 4 1 7 9 1 8 9 1 9 5 1 9 8 1 9 9 2 0 0 1 9 7 1 9 3 
2 2 1 5 7 1 6 1 1 6 4 1 6 8 1 7 3 1 7 9 1 8 4 1 8 8 1 9 2 1 9 4 1 9 5 1 9 2 1 8 3 1 6 9 1 4 3 1 4 6 1 5 7 1 6 7 1 7 7 1 8 6 1 9 2 1 9 5 1 9 6 1 9 7 1 9 6 1 9 3 
— 2 3 1 5 7 1 6 1 1 6 5 1 7 0 1 7 5 1 8 0 1 8 4 1 8 8 1 9 0 1 9 1 1 8 9 1 8 0 1 5 9 1 4 3 1 4 2 1 5 2 1 6 0 1 6 9 1 7 6 1 8 5 1 9 0 1 9 2 1 9 5 1 9 6 1 9 5 1 9 3 
2 4 1 5 8 1 6 2 1 6 6 1 7 0 1 7 5 1 7 9 1 6 4 1 8 7 1 8 6 1 8 7 1 8 0 1 6 2 1 4 8 1 4 5 1 4 9 1 5 6 1 6 3 1 7 1 1 7 9 1 8 5 1 8 9 1 9 1 1 9 4 1 9 5 1 9 5 1 9 4 
= 2 5 1 6 0 1 6 3 1 6 6 1 7 0 1 7 3 1 7 7 1 8 0 1 8 1 1 8 1 1 7 5 1 6 5 1 5 5 1 5 2 1 5 4 1 5 7 1 6 2 1 6 6 1 7 4 1 8 1 1 8 5 1 8 9 1 9 1 1 9 3 1 9 5 1 9 4 1 9 4 
2 6 1 6 1 1 6 4 1 6 6 1 6 9 1 7 1 1 7 3 1 7 4 1 7 3 1 7 0 1 6 4 1 5 9 1 5 5 1 5 5 1 5 9 1 6 3 1 6 8 1 7 3 1 7 6 1 8 3 1 8 6 1 8 9 1 9 2 1 9 3 1 9 5 1 9 5 1 9 4 
- 2 7 1 6 2 1 6 4 1 6 6 1 6 8 1 6 8 1 6 7 1 6 9 1 6 7 1 6 5 1 6 2 1 5 9 1 5 8 1 6 0 1 6 4 1 6 8 1 7 2 1 7 6 I S O 1 8 4 1 8 7 1 9 0 1 9 2 1 9 4 1 9 5 1 9 5 1 9 4 
2 8 1 6 1 1 6 3 1 6 5 1 6 8 1 6 8 1 6 5 1 6 6 1 6 4 1 6 2 1 6 1 1 6 0 1 6 0 1 6 3 1 6 7 1 7 0 1 7 4 1 7 7 1 8 1 1 8 4 1 8 7 1 9 0 1 9 2 1 9 3 1 9 4 1 9 4 1 9 4 
- 2 9 1 6 0 1 6 1 1 6 3 1 6 4 1 6 3 1 6 5 1 6 6 1 6 3 1 6 2 1 6 1 1 6 1 1 6 3 1 6 6 1 6 9 1 7 2 1 7 5 1 7 8 1 6 2 1 8 5 1 8 7 1 8 9 1 9 1 1 9 2 1 9 3 1 9 4 1 9 3 
3 0 1 5 9 1 6 0 1 6 0 1 6 1 1 5 9 1 6 2 1 6 3 1 6 2 1 6 2 1 6 2 1 6 3 1 6 4 1 6 7 1 7 0 1 7 3 1 7 7 1 8 0 1 8 2 1 8 5 1 8 7 1 6 9 1 9 1 1 9 2 1 9 2 1 9 3 1 9 3 
3 1 1 5 7 1 5 8 1 5 9 1 5 9 1 6 0 1 6 1 1 6 2 1 6 2 1 6 3 1 6 3 1 6 4 1 6 6 1 6 9 1 7 2 1 7 4 1 7 7 1 8 0 1 8 3 1 6 5 1 6 7 1 8 9 1 9 1 1 9 1 1 9 1 1 9 2 1 9 2 
- 3 2 1 5 6 1 5 7 1 5 8 1 5 8 1 5 9 1 6 0 1 6 1 1 6 2 1 6 4 1 6 5 1 6 7 1 6 6 1 7 0 1 7 3 1 7 5 1 7 8 1 8 1 1 6 4 1 8 5 1 8 7 1 8 9 1 9 1 1 9 1 1 9 1 1 9 1 1 9 2 
3 3 1 5 5 1 5 6 1 5 7 1 5 8 1 5 9 1 6 0 1 6 1 1 6 3 1 6 4 1 6 6 1 6 6 1 7 0 1 7 2 1 7 4 1 7 7 1 6 0 1 8 3 1 8 5 1 8 7 1 8 8 1 9 0 1 9 1 1 9 1 1 9 1 1 9 1 1 9 1 
- 3 4 1 5 4 1 5 5 1 5 6 1 5 7 1 5 8 1 5 9 1 6 1 1 6 3 1 6 5 1 6 7 1 6 9 1 7 2 1 7 4 1 7 6 1 7 9 1 6 3 1 8 5 1 8 7 1 8 8 1 9 0 1 9 1 1 9 2 1 9 1 1 9 1 1 9 1 1 9 1 
3 5 1 5 1 1 5 2 1 5 4 1 5 5 1 5 6 1 5 8 1 5 9 1 6 2 1 6 4 1 6 8 1 7 1 1 7 3 1 7 6 1 7 8 1 8 1 1 8 5 1 8 7 1 8 9 1 9 0 1 9 2 1 9 3 1 9 3 1 9 3 1 9 2 1 9 1 1 9 1 
3 6 1 4 9 1 5 0 1 5 1 1 5 3 1 5 4 1 5 6 1 5 8 1 6 1 1 6 5 1 6 8 1 7 2 1 7 5 1 7 7 1 8 0 1 8 4 1 6 7 1 8 9 1 9 1 1 9 2 1 9 4 1 9 5 1 9 6 1 9 5 1 9 5 1 9 3 1 9 0 
- 3 7 1 4 7 1 4 7 1 4 9 1 5 0 1 5 2 1 5 4 1 5 7 1 6 0 1 6 5 1 6 9 1 7 4 1 7 8 1 8 0 1 8 3 1 6 7 1 9 0 1 9 2 1 9 3 1 9 4 1 9 5 1 9 6 1 9 7 1 9 6 1 9 6 1 9 3 1 9 0 
- 3 8 1 4 5 1 4 5 1 4 6 1 4 7 1 5 0 1 5 2 1 5 5 1 6 0 1 6 5 1 7 0 1 7 6 1 8 0 1 8 3 1 8 6 1 6 9 1 9 2 1 9 4 1 9 5 1 9 5 1 9 6 1 9 6 1 9 7 1 9 5 1 9 2 1 9 0 1 9 0 
= 3 9 1 4 3 1 4 4 1 4 4 1 4 5 1 4 7 1 5 0 1 5 3 1 5 6 1 6 5 1 7 2 1 7 8 1 6 3 1 8 6 1 6 9 1 9 2 1 9 5 1 9 6 1 9 7 1 9 7 1 9 6 1 9 6 1 9 5 1 9 3 1 9 1 1 8 9 1 9 0 
9 4 0 1 4 2 1 4 3 1 4 3 1 4 4 1 4 7 1 4 9 1 5 2 1 5 7 1 6 3 1 7 1 1 7 9 1 8 5 1 6 8 1 9 0 1 9 4 1 9 6 1 9 6 1 9 7 1 9 6 1 9 5 1 9 4 1 9 3 1 9 1 1 8 9 1 8 8 1 8 9 
- 4 1 1 4 5 1 4 5 1 4 6 1 4 7 1 4 9 1 5 2 1 5 4 1 5 8 1 6 4 1 6 9 1 7 5 1 6 1 1 8 5 1 8 8 1 9 0 1 9 1 1 9 1 1 9 1 1 9 1 1 9 0 1 8 9 1 8 9 1 8 6 1 8 8 1 8 8 1 8 9 
4 2 1 4 7 1 4 8 1 5 0 1 5 1 1 5 3 1 5 5 1 5 8 1 6 1 1 6 4 1 6 8 1 7 2 1 7 7 1 8 0 1 8 3 1 8 5 1 8 6 1 6 6 1 8 6 1 6 6 1 8 6 1 8 6 1 8 6 1 8 6 1 8 7 1 8 8 1 8 9 
R U N N O . 1 0 E 0 R 2 d e g T 
0 0 
to 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
- 1 3 7 3 7 3 7 3 8 3 8 3 8 3 8 3 8 3 8 3 8 3 8 3 8 3 9 3 9 4 0 4 1 4 1 4 2 4 4 4 4 4 6 4 6 4 7 4 8 4 9 5 0 5 1 
2 3 7 3 7 3 7 3 7 3 7 3 7 3 6 3 6 3 6 3 6 3 7 3 7 3 7 3 7 3 8 3 9 4 0 4 1 4 2 4 4 4 5 4 7 4 8 4 9 5 0 5 1 5 2 
= 3 3 7 3 7 3 6 3 6 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 5 3 6 3 7 3 8 4 0 4 2 4 3 4 5 4 7 4 8 5 0 5 1 5 3 
4 3 6 3 6 3 6 3 5 3 4 3 4 3 4 3 3 3 3 3 3 3 4 3 4 3 4 3 4 3 4 3 5 3 6 3 7 3 9 4 0 4 2 4 4 4 5 4 7 4 8 5 0 5 2 
= 5 3 6 3 5 3 5 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 4 3 5 3 5 3 6 3 8 3 9 4 1 4 2 4 4 4 5 4 7 4 9 5 1 
6 3 5 3 5 3 4 3 3 3 2 3 2 3 2 3 2 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 5 3 7 3 8 3 9 4 0 4 2 4 4 4 7 4 8 5 0 
7 3 5 3 4 3 3 3 2 3 2 3 2 3 2 3 1 3 2 3 2 3 2 3 3 3 3 3 3 3 2 3 3 3 4 3 4 3 5 3 6 3 7 3 9 4 0 4 3 4 6 4 8 5 0 
— a 3 4 3 4 3 2 3 2 3 1 3 1 3 1 3 1 3 1 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 3 3 3 3 5 3 6 3 8 3 9 4 1 4 5 4 7 4 9 
9 3 4 3 3 3 1 3 1 3 0 3 0 3 0 3 0 3 0 3 1 3 1 3 1 3 1 3 0 3 0 3 0 3 0 3 1 3 1 3 3 3 3 3 5 3 6 3 8 4 2 4 5 4 7 
1 0 3 3 3 2 3 1 3 0 3 0 2 9 2 9 2 9 2 9 2 9 2 9 2 9 2 9 2 9 2 8 2 8 2 8 2 8 2 9 3 1 3 1 3 2 3 4 3 6 4 0 4 3 4 6 
1 1 3 3 3 2 3 0 2 9 2 9 2 9 2 9 2 9 2 9 2 9 2 8 2 8 2 8 2 7 2 7 2 6 2 6 2 7 2 8 2 9 3 0 3 1 3 4 3 8 4 3 4 6 4 8 
1 2 3 3 3 2 3 0 2 9 2 9 2 8 2 8 2 8 2 8 2 8 2 7 2 7 2 6 2 6 2 5 2 5 2 4 2 5 2 5 2 7 2 8 3 0 3 3 3 7 4 2 4 7 5 4 
1 3 3 2 3 2 3 0 2 9 2 8 2 8 2 7 2 7 2 7 2 7 2 7 2 6 2 5 2 4 2 3 2 3 2 2 2 2 2 2 2 3 2 5 2 6 2 8 3 3 3 8 4 3 5 2 
1 4 3 2 3 1 3 0 2 9 2 8 2 8 2 7 2 7 2 7 2 6 2 6 2 5 2 4 2 3 2 2 2 0 1 9 1 9 1 9 2 0 2 2 2 6 2 7 3 0 3 2 3 2 3 9 
1 5 3 2 3 1 3 0 2 9 2 8 2 8 2 7 2 7 2 6 2 6 2 5 2 3 2 2 2 1 2 0 1 8 1 7 1 6 1 6 1 5 1 8 2 5 2 7 2 5 2 3 1 3 1 1 
= 1 6 3 2 3 2 3 0 2 9 2 8 2 8 2 7 2 6 2 6 2 5 2 4 2 2 2 1 1 9 1 7 1 6 1 4 1 3 1 1 1 1 1 4 2 1 2 4 1 4 5 2 1 
1 7 3 2 3 1 3 0 2 9 2 8 2 7 2 7 2 6 2 5 2 5 2 3 2 1 1 9 1 8 1 5 1 3 1 2 1 0 8 7 8 1 2 1 6 8 0 7 1 0 
= l a 3 1 3 1 3 0 2 9 2 8 2 7 2 6 2 6 2 5 2 4 2 3 2 0 1 8 1 5 1 3 1 1 8 6 4 2 1 3 5 9 5 5 5 1 1 1 9 
1 9 3 1 3 1 3 0 2 9 2 7 2 7 2 6 2 5 2 5 2 4 2 2 2 0 1 7 1 4 1 1 8 5 2 0 3 5 7 3 5 3 3 4 7 3 5 1 0 3 8 1 1 8 
2 0 3 2 3 1 2 9 2 8 2 7 2 6 2 5 2 5 2 4 2 3 2 2 2 0 1 7 1 3 1 0 7 3 3 5 9 3 5 5 3 5 1 3 4 5 3 3 8 3 3 1 3 3 2 3 3 8 3 3 7 1 1 1 8 
2 1 3 2 3 1 2 9 2 8 2 8 2 7 2 6 2 5 2 5 2 4 2 3 2 1 1 7 1 4 9 5 1 3 5 5 3 5 0 3 4 5 3 3 8 3 2 9 3 1 9 1 3 0 1 2 4 1 1 7 1 0 8 
2 2 3 2 3 1 3 0 2 9 2 8 2 8 2 7 2 7 2 6 2 6 2 4 2 2 1 9 1 5 1 0 5 3 5 9 3 5 3 3 4 6 3 3 8 3 3 0 3 2 1 1 3 1 1 2 1 1 1 4 1 0 9 1 0 3 
2 3 3 2 3 2 3 0 3 0 3 0 2 9 2 9 2 8 2 8 2 8 2 8 2 5 2 2 1 7 1 2 6 3 5 9 3 5 1 3 4 1 3 3 1 3 2 1 1 3 2 1 2 3 1 1 5 1 0 8 1 0 4 1 0 0 
= 2 4 3 3 3 2 3 2 3 2 3 1 3 1 3 0 3 0 3 0 3 1 3 0 2 9 2 7 2 2 1 6 1 1 2 3 5 0 3 3 4 3 1 9 1 3 0 1 2 3 1 1 6 1 1 0 1 0 4 1 0 0 9 7 
2 5 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 1 3 2 3 3 3 3 3 3 3 2 3 1 2 6 2 2 1 4 3 4 8 3 1 5 1 2 3 1 1 8 1 1 5 1 1 1 1 0 5 1 0 0 9 7 9 5 
— 2 6 3 3 3 4 3 4 3 5 3 4 3 4 3 4 3 4 3 4 3 6 3 7 3 8 3 9 3 9 3 8 3 8 4 3 7 5 1 0 5 1 0 8 1 0 8 1 0 7 1 0 5 1 0 2 9 8 9 6 9 3 
2 7 3 4 3 5 3 5 3 6 3 6 3 6 3 6 3 6 3 7 3 9 4 1 4 3 4 4 4 6 4 7 5 1 5 9 7 5 9 1 9 7 1 0 0 1 0 0 1 0 0 9 8 9 6 9 4 9 2 
R U N N O . 1 0 E 0 R 2 d o g T 
> 
0 0 
J = 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 
1 7 3 2 3 1 3 0 2 9 2 8 2 7 2 7 2 6 2 5 2 5 2 3 2 1 1 9 1 8 1 5 1 3 1 2 1 0 8 7 8 1 2 1 6 8 0 7 1 0 
1 8 3 1 3 1 3 0 2 9 2 8 2 7 2 6 2 6 2 5 2 4 2 3 2 0 1 8 1 5 1 3 1 1 8 6 4 2 1 3 5 9 5 5 5 1 1 1 9 
1 9 3 1 3 1 3 0 2 9 2 7 2 7 2 6 2 5 2 5 2 4 2 2 2 0 1 7 1 4 1 1 8 5 2 0 3 5 7 3 5 3 3 4 7 3 5 1 0 3 8 1 1 6 
2 0 3 2 3 1 2 9 2 8 2 7 2 6 2 5 2 5 2 4 2 3 2 2 2 0 1 7 1 3 1 0 7 3 3 5 9 3 5 5 3 5 1 3 4 5 3 3 8 3 3 1 3 3 2 3 3 8 3 3 7 1 1 1 8 
= 2 1 3 2 3 1 2 9 2 8 2 8 2 7 2 6 2 5 2 5 2 4 2 3 2 1 1 7 1 4 9 5 1 3 5 5 3 5 0 3 4 5 3 3 8 3 2 9 3 1 9 1 3 0 1 2 4 1 1 7 1 0 8 
2 2 3 2 3 1 3 0 2 9 2 8 2 8 2 7 2 7 2 6 2 6 2 4 2 2 1 9 1 5 1 0 5 3 5 9 3 5 3 3 4 6 3 3 8 3 3 0 3 2 1 1 3 1 1 2 1 1 1 4 1 0 9 1 0 3 
= 2 3 3 2 3 2 3 0 3 0 3 0 2 9 2 9 2 8 2 8 2 8 2 8 2 5 2 2 1 7 1 2 6 3 5 9 3 5 1 3 4 1 3 3 1 3 2 1 1 3 2 1 2 3 1 1 5 1 0 8 1 0 4 1 0 0 
2 4 3 3 3 2 3 2 3 2 3 1 3 1 3 0 3 0 3 0 3 1 3 0 2 9 2 7 2 2 1 6 1 1 2 3 5 0 3 3 4 3 1 9 1 3 0 1 2 3 1 1 6 1 1 0 1 0 4 1 0 0 9 7 
2 5 3 3 3 3 3 3 3 3 3 3 3 2 3 2 3 1 3 2 3 3 3 3 3 3 3 2 3 1 2 6 2 2 1 4 3 4 8 3 1 5 1 2 3 1 1 8 1 1 5 1 1 1 1 0 5 1 0 0 9 7 9 5 
- 2 6 3 3 3 4 3 4 3 5 3 4 3 4 3 4 3 4 3 4 3 6 3 7 3 8 3 9 3 9 3 8 3 8 4 3 7 5 1 0 5 1 0 8 1 0 8 1 0 7 1 0 5 1 0 2 9 6 9 6 9 3 
2 7 3 4 3 5 3 5 3 6 3 6 3 6 3 6 3 6 3 7 3 9 4 1 4 3 4 4 4 6 4 7 5 1 5 9 7 5 9 1 9 7 1 0 0 1 0 0 1 0 0 9 8 9 6 9 4 9 2 
2 8 3 5 3 6 3 7 3 7 3 7 3 7 3 7 3 8 3 9 4 1 4 2 4 5 4 7 5 0 5 2 5 7 6 5 7 4 8 4 9 0 9 3 9 5 9 5 9 4 9 3 9 1 9 0 
2 9 3 5 3 6 3 8 3 9 3 9 3 9 3 9 4 0 4 1 4 4 4 6 4 8 5 0 5 2 5 5 6 0 6 7 7 5 8 2 8 6 8 8 9 0 9 1 9 2 9 1 9 0 6 9 
3 0 3 6 3 7 3 8 4 0 4 0 4 1 4 2 4 3 4 5 4 7 4 9 5 1 5 3 5 6 5 9 6 3 6 8 7 4 8 0 8 3 8 5 8 6 8 7 8 9 8 9 6 9 8 8 
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Tidal Stream Energy Systems for Isolated 
Communities 
p. R. Cave and E. M. Evans 
Departmcni of Mechanical Engineering, Plymouth Polytechnic, Plymouth, England 
ABSTRACT 
Arguments are reviewed f o r the c o n s i d e r a t i o n o f t i d a l streams as a 
renewable energy source f o r i s l a n d communities i s o l a t e d from the U.K. 
n a t i o n a l g r i d . The l o c a t i o n and s i z i n g o f generators are b r i e f l y 
d i s c u s s e d , and u s i n g Guernsey as a model, the maximum economic investment 
l e v e l s are es t i m a t e d , based on f u e l replacement. I t i s proposed that the 
cost of t i d a l stream generators co u l d be est i m a t e d l a r g e l y by analogy w i t h 
other marine t e c h n o l o g i e s , and a programme o u t l i n e d . 
KEYWORDS 
T i d a l stream; energy; economics; i s l a n d communities. 
INTRODUCTION 
The economic case f o r the renewable energy t e c h n o l o g i e s has been examined 
i n some d e t a i l (ETSU, 1982) and t h i s has r e s u l t e d i n an order o f me r i t 
w i t h i n the context of t h e i r i n t r o d u c t i o n i n t o the n a t i o n a l g r i d system. 
The outcome of these economic arguments i s p a r t i c u l a r l y s e n s i t i v e to the 
economic view of the f u t u r e h e l d by the end u s e r , and care must be taken 
when a p p l y i n g the r e s u l t s of these s t u d i e s to a l l s i t u a t i o n s where 
renewables might be used i f m i s l e a d i n g r e s u l t s are to be avoided. In 
p a r t i c u l a r , a number of i s l a n d s i n U.K. waters serve to i l l u s t r a t e 
l o c a l i t i e s which, due to t h e i r i s o l a t i o n from the g r i d and dependence on 
o i l f o r power g e n e r a t i o n , might b e n e f i t from the e a r l y i n t r o d u c t i o n of a 
c o n t r i b u t i o n from a renewable energy source. 
The present aim i s to o u t l i n e the arguments f o r the i n t r o d u c t i o n o f energy 
from a renewable source to such an i s l a n d , u s i n g Guernsey as an example. A 
s p e c i f i c renewable, t i d a l streams, has been s e l e c t e d , and a b r i e f 
j u s t i f i c a t i o n o f t h i s choice i s g i v e n , t o g e ther w i t h a d i s c u s s i o n o f some 
of che problems a s s o c i a t e d w i t h the resource. 
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The output of a t i d a l stream g e n e r a t o r , and a p o s s i b l e l e v e l of 
c o n t r i b u t i o n , are c o n s i d e r e d , but no attempt i s made to model tlio complete 
power system of the i s l a n d . The argument i s based on an estimate of the 
present value of the f o s s i l f u e l d i s p l a c e d , per u n i t o f renewable 
i n t r o d u c e d , over the l i f e of the p l a n t . This estimate determines the l e v e l 
of investment which would make the p r o j e c t v i a b l e . Other costs r e q u i r e d 
are estimated by analogy w i t h other work on o f f s h o r e i n s t a l l a t i o n s . 
CHOICE OF RENEWABLE 
Guernsey, Like other o f f - s h o r e communities, i s w e l l endowed w i t h both wind 
and t i d a l resources. The u n p r e d i c t a b l e nature of wind, on a minute by 
minute b a s i s , leads to s e r i o u s d i f f i c u l t i e s o f i n t e g r a t i o n i n t o d i c s e l 
systems (Lipman, 1982). A "many s t a r t s " type of o p e r a t i o n r e s u l t s which i s 
not compatible with the e f f i c i e n t use of d i e s e l s . T i d a l streams, on the 
other hand, are more p r e d i c t a b l e . Two b a s i c p e r i o d i c times are i n v o l v e d : 
cwo ebbs and two floods per twenty f i v e hours; and an approximately 
s i n u s o i d a l v a r i a t i o n between s p r i n g t i d e s and neap t i d e s with a p e r i o d o f 
about fourteen days. The magnitude of the streams i s reasonably 
p r e d i c L a b l e a l s o , and che exact nature o f these v a r i a t i o n s c o u l d be 
determined by d e t a i l e d survey. 
E x p l o i t a t i o n of the k i n e t i c energy of t i d a l streams i s favoured to t i d a l 
barrage schemes mainly because the l e v e l of c a p i t a l expenditure b e f o r e 
worthwhile r e t u r n can be expected would be lower i n the case of t i d a l 
streams. In a d d i t i o n , t i d a l stream generators have the advantage t h a t 
u n i t s of modest output and a d d i t i o n a l cost c o u l d be introduced at a r a t e 
which would match Che requirements of the l o c a l economy. 
The technology o f t i d a l stream e x p l o i t a t i o n i s not w e l l developed, but from 
previous s t u d i e s (Cave, 1982; Wyman, 1979) i t seems l i k e l y that the 
s o l u t i o n s to e n g i n e e r i n g d i f f i c u l t i e s probably l i e w i t h i n the scope of 
e x i s t i n g t e c h n o l o g i e s . 
CHOICE OF SITE 
Given a s u i t a b l e l o c a t i o n , where the economic c o n d i t i o n s are f a v o u r a b l e , 
p o t e n t i a l s i t e s can be i d e n t i f i e d from the A d m i r a l t y T i d a l A t l a s o f Che 
area. From the data g i v e n , an approximation to the k i n e t i c energy 
a v a i l a b l e can be c a l c u l a t e d . This estimate i s p r o g r e s s i v e l y reduced by the 
i n t r o d u c t i o n of v a r i o u s f a c t o r s u n t i l a working e s t i m a t e of the mean power 
e x t r a c t a b l e i s obta i n e d i n the form 
P - h M Ks Kn V 
where: 
P " mean power output per u n i t area of i n t e r r u p t e d flow (W/m') 
- d e n s i t y o f the sea water (1025 kg/m') 
u = an e x t r a c t i o n e f f i c i e n c y (0.25 - 0.3) 
Ks - v e l o c i t y shape f a c t o r ( f o r a s i n u s o i d a l v a r i a t i o n , Ks = 0.424) 
Kn = spring-neaps f a c t o r ( f o r max. neap scream = 60% s p r i n g s , Kn = 0.57) 
V - maximum v e l o c i C y d u r i n g a spri.Tg t i d e (m/s) 
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U n c e r t a i n t i e s e x i s t in a s s i g n i n g values to the f a c t o r s l i s t e d above, and 
any f i n a l assessment of a s i t e would depend on measured va l u e s o f Ks, Kn 
and V, the l a s t being an average over the i n t e r r u p t e d area and at the 
proposed depth of o p e r a t i o n o f the d e v i c e . 
As an i n d i c a t i o n of the s i z e of device being c o n s i d e r e d , u s i n g the 
assumptions l i s t e d above, and a maximum stream v e l o c i t y of 2.5 n/s (5 k t ) , 
the average power output i s 483 W/m', and the maximum output i s 2kW/m'. 
Thus, f o r a IMW u n i t , an i n t e r c e p t e d area of 500 ra' i s r e q u i r e d , a 
r e c t a n g u l a r area of 22.4m square or a c i r c l e of diameter 25m. At l e a s t 
t h i s depth of water would be r e q u i r e d at a l l s t a t e s of the t i d e . 
The p r e c i s e choice of s i t e would probably r e q u i r e l o c a l knowledge, and the 
i d e a l s i t e i s not n e c e s s a r i l y that w i t h the hi g h e s t stream v e l o c i t y . The 
v e l o c i t y p r o f i l e would best resemble that shown i n f i g u r e 1, with a s l a c k 
p e r i o d to a l l o w f o r i n s t a l l a t i o n and s e r v i c i n g , and a r a p i d r i s e to 
approximately constant and equal ebb and f l o o d streams. 
slack flood 
ebb 
0 
F i g . 1. I d e a l Stream P r o f i l e 
I f two such s i t e s c o u l d be found which were out of phase, some c o n t r i b u t i o n 
CO f i r m pow.r c o u l d be made, w i t h a consequent change to the economic 
arguments. 
For s a t i s f a c t o r y i n s t a l l a C i o n ac a p a r t i c u l a r s i t e , a l a r g e number of 
f a c t o r s would have Co be c o n s i d e r e d . A l i s t would i n c l u d e che f o l l o w i n g 
c a c e g o r i e s . 
S h i p p i n g clearways, channels and draughcs 
Marine I n d u s t r y f i s h i n g , d r e d g i n g , m i n e r a l e x t r a c t i o n 
Sea bed a c c i v i c y , s l i c i n g , m a c e r i a l 
Marine environmenC c o r r o s i o n , a b r a s i o n 
Weacher wave f o r c e s , C i d a l surges. 
EnvironmenCal v i s u a l impacC, i n C e r f e r e n c e wich c i d a l flow 
A c c e s s i b i l i C y s e r v i c i n g , conneccion Co l a n d . 
Many of the e n g i n e e r i n g problems a r i s i n g from the l i s t above ( c o r r o s i o n , 
f o u l i n g , e t c . ) have been s u c c e s s f u l l y d e a l t wich i n che o f f s h o r e o i l 
i n d u s t r y . 
The l i s t above i s not e x h a u s t i v e , and i c i s rec o g n i s e d chac any one f a c c o r 
c o u l d render a s i t e u n s u i t a b l e . Each s i t e would r e q u i r e i n d i v i d u a l 
assessment w i t h respect t o i t s own l i s t of c o n f l i c t i n g needs, and i t might 
be necessary to n e g o t i a t e e x c l u s i v e use of a s i t e f o r power e x t r a c t i o n f o r 
che i n s t a l l a t i o n to operate s a f e l y . 
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SIZE FOR SATISFACTORY INTEGRATION 
Vfliere no c o n t r i b u t i o n to f i r m power i s to be made, one approach to d e c i d i n j ; 
the s i z e o f an i n s t a l l a t i o n i s to a v o i d any a d d i t i o n a l s t a r t s o f the d i e s e l 
system. In the case of Guernsey, power u t i l i s a t i o n c h a r t s are a v a i l a b l e , 
averaged by the month. These can be combined i n t o a d u r a t i o n curve as 
given i n f i g u r e 2. This d i s c l o s e s a minimum power consumption at any time 
of 8 MW. I f t h i s were to be chosen as the s i z e of a t i d a l stream 
i n s t a l l a t i o n , no a d d i t i o n a l s t a r t s would be i n t r o d u c e d , whatever time of 
day or n i g h t the c o n t r i b u t i o n came. The 8 Ml'J i n s t a l l a t i o n could take the 
form of e i g h t I MW generators as d i s c u s s e d above, or r a t h e r more s m a l l e r 
ones. 
LOAD 
F i g . 2. D u r a t i o n Curve 
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ECONOMIC ANALYSIS 
Thi s i s based on the approach developed by ETSU (1982), c a l c u l a t i n g the 
p e r m i s s i b l e investment i n an u n s p e c i f i e d power g e n e r a t i o n scheme based on 
f u e l replacement. To ease comparison w i t h o t h e r p u b l i s h e d f i g u r e s , a l l 
cash v a l u e s presented are c o r r e c t e d to mid 198 1. The a n a l y s i s i s 
s i m p l i f i e d by assuming that the net s a v i n g to the system w i l l be the 
present value of f o s s i l f u e l d i s p l a c e d by the renewable over the l i f e o f 
the p l a n t , c a l c u l a t e d per u n i t c o n t r i b u t i o n of renewable. The i n f l u e n c e of 
the l e v e l of c o n t r i b u t i o n to f i r m power on the investment i n the remainder 
of the system i s not c o n s i d e r e d , nor i s the c o n f i g u r a t i o n of the renewable 
system. Economic u n c e r t a n t i e s , such as f u t u r e d o l l a r / p o u n d exchange r a t e s 
are not c o n s i d e r e d s p e c i f i c a l l y , but are taken to be absorbed i n the range 
of f u e l p r i c e s assumed. 
In order to estimate the present value of f u e l s a v i n g , Che a d d i t i o n a l 
assumptions l i s t e d below are made. 
1 . A t e s t d i s c o u n t r a t e of 5Z. (The acCual race chosen i s dependenc on che 
end user's view of the f u t u r e . The 52 v a l u e i s that used by government 
and CEGB f o r investment a p p r a i s a l ) . 
2. A p l a n t l i f e o f 25 years. 
3. A p l a n t f a c t o r p - 0.3 (p - LAN (ETSU 1982) where L i s a machine load 
f a c t o r , or r a t i o of energy a c t u a l l y excracCed i n a year Co the maximum 
t h e o r e t i c a l l y e x t r a c C a b l e ac f u l l load over Che year, A i s an 
a v a i l a b i l i t y f a c t o r which allows f or maintenance and f a i l u r e , and N i s 
an a r r a y e f f i c i e n c y which i s u n i t y i n Chis case.) 
4. Three u n i f o r m races of f u e l p r i c e r i s e are assumed. I 2002, I I 1002, 
111 502 i n c r e a s e over a 25 year p e r i o d . These races correspond Co 
s c e n a r i o s c o n s i d e r e d by ETSU (1982) which a r e : 
I r e l a c i v e l y o p c i m i s c i c view of fucure economic grovch l e a d i n g to a 
r e l a t i v e l y f a s t growch in energy demand and highesc f u e l p r i c e s ; 
I I l e s s o p c i m i s c i c view of economic growch, f u e l p r i c e s s c i l l r i s e 
r a p i d l y buc l e s s Chan i n I ; 
I I I slow race of economic growch wich energy demand r i s i n g o n l y s l o w l y 
so p r i c e s r i s e s l o w l y i n r e a l Cerms. 
5. A presenc energy p r i c e of 2.8p/kl/h i s assumed f o r Guernsey. T h i s value 
i s noc a true r e f l e c t i o n of Che cosc of o i l Co Guernsey, buC conCains 
an esCimaCe of che f i x e d c o s t of d i e s e l o p e r a t i o n which would be 
expected to be i n c l u d e d in any s a v i n g s . 
The f i n a l e s t i mated energy c o s t s depend on the d i s c o u n t cash flow r a t e . A 
f u l l c a l c u l a t i o n i s i n t r i c a t e , so the method adopted here i s to apply a 
f i x e d charge r a t e of 7.22. This was chosen as i t g i v e s the same f i n a l 
energy c o s t s as the f u l l c a l c u l a t i o n , based on a TDR of 52. The c a p i t a l 
charge of the t o t a l energy cost c i s given by 
c •= Cr 
ph 
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where c (pence/klTh) i s the c a p i t a l charge, 
C (t/kW) i s the c a p i t a l cost 
r i s the f i x e d charge r a t e 
p i s the system p l a n t f a c t o r 
h i s 8760 hours/year. (Dixon, 1981) 
The r e s u l t s of these c a l c u l a t i o n s are g i v e n in t a b l e 1. The maintenance 
and t r a n s m i s s i o n c o s t s are e x t r a c t e d from the ETSU (1982) a n a l y s i s of 
o f f s h o r e wind g e n e r a t i o n , and where a ranges of these c o s t s has been g i v e n 
the maximum has been used. 
TABLE 1 ALLOWABLE INVESTMENT COST 
CASE 
T o t a l C a p i t a l 
cost 
Maintenance 
Transmiss ion 
Tide M i l l & 
S t r u c t u r e 
I 
p/kvni £/ki; 
5.23 1900 
0.7 256 
0.8 292 
3.73 1360 
I I 
p/klfh t/kW 
4.04 1474 
0.7 256 
0.8 292 
2.54 926 
I I I 
p/k'.7h £/kt/ 
3.44 1255 
0.7 256 
0.8 292 
1.94 707 
DISCUSSION 
The a n a l y s i s ab.ve, as summarised i n t a b l e 1, i n d i c a t e s t h a t wich a 
b e n e f i t / c o s t r a c i o o f u n i c y , becween £707 and £1,360 £/kW in- 198 1 v a l u e s 
would be a v a i l a b l e f o r invescmenC i n a Cide m i l l and s t r u c t u r e to serve the 
needs of Guernsey. One p o s s i b l e s i z e of t h i s m i l l was suggested above as 
8Mi;, g i v i n g an a l l o w a b l e range of invesCmenC of £5.7n Co £ 10.9m 
approximacely. The nexC sCage of Che work musc be co esCimaCe Che probable 
coses of such an i n s c a l l a c i o n , and Chis i s proposed. A d e c a i l e d survey of 
Che siCe i s assumed, and cosCs are Co be escimaced by analogy wich ocher, 
beCCer developed marine Cechnologies. Examples would be: 
Generator, c o n s i d e r e d as o f f s h o r e sCrucCures and 
a p r o p e l l e r Curbine s h i p s p r o p e l l e r s 
moorings o f f s h o r e o i l indusCry coscings 
s e r v i c i n g o f f s h o r e and n a v a l underwacer 
technology c o s t i n g s 
t r a n s m i s s i o n o f f s h o r e wind g e n e r a t i o n 
s t u d i e s 
T h i s stage of the work i s n a t u r a l l y c o n s i d e r a b l y more i n v o l v e d than that 
d e s c r i b e d above, but there does seem to be a reasonable analogy for a l l 
c o s t s that can be i d e n t i f i e d . I t should thus be p o s s i b l e to develop a case 
for or a g a i n s t the e:: p l o i t a t ion of t i d a l stream energy without s u b s t a n t i a l 
recourse to experimental work and w i t h reasonable c o n f i d e n c e i n the 
r e s u l t s . 
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ABSTRACT 
The C h a n n e l I s l a n d s i l l u s t r a t e a r a n g e o f d i f * ' e r e n t e c o n o m i e s a'i ' e s s s T - i a ' l v 
d e o e n d e n t on i m p o r t e d e n e r g y s u p p l i e s . The c u r r e n t e l e c t r i c i t y s u p p l y system's 
o f t ne t h r e e m a j o r i s l a n d s a r e d e s c r i b e d , '..nd the e c o n o m i c c a s e " o r i n v e s t -
-raent in r e n e w a b l e s , p a r t i c u l a r l y t i d a l s " - e a m s , i s d e v e l o p e d . The u s e o f 
c a b l e l i n k s to E l e c t r i c i t e de F r a n c e i s e.xamined a s t h e s e a r e i n p l a c e o r 
u n d e r c o n s i d e r a t i o n i n the i s l a n d s . C u r r e n t t h i n k i n g on t i d a l s t r e a m e n e r g y 
i s e x a m i n e d , w i t h a b r i e f e x p l o r a t i o n o f e c o n o m i c s , t e c h n o l o g y , c o s t s and 
p r o s p e c t s . The i s l a n d s a r e c o n s i d e r e d s e p a r a t e l y i n d e t a i l , c o n c l u d i n g r h a t 
A i d e r n e y has the b e s t c a s e f o r i n v e s t m e n t i n t i d a l s t r e a m e n e r g y o v e r a i " . 
w i t h i n t e r e s t i n g o u t o f phase s i t e s , G u e r n s e y ana J e r s e y c o u l d D o t h i-nake u s e 
o f t he r e s o u r c e g i v e n a s u i t a b l e i n v e s t m e n t c l i m a t e , and t h a t J e r s e y nas a 
v e r y good s i t e f o r a f i r s t p r o t o t y p e o f e c o n o m i c s i z e . 
KEYWORDS 
T i d a l s t r e a m e n e r g y , e c o n o m i c s , A l d e r n e y , G u e r n s e y , J e r s e y . 
INTRODUCTION 
The work d e s c r i b e d i n t h i s p a p e r f o r m s p a r t o f a l a r g e r s t u d y i n t o t h e 
e c o n o m i c s , t e c h n o l o g y and c o s t s o f t i d a l s t r e a m e n e r g y . T h i s work has i n d i c -
- a t e d a number o f good s i t e s f o r s u c h g e n e r a t o r s i n the C h a n n e l I s l a n d s . 
T h e s e a r e e s s e n t i a l l y s m a l l i n d e p e n d e n t s t a t e s , d e p e n d e n t on i m p o r t e d e n e r g y 
s u p p l i e s , whose g o v e r n m e n t s a r e a b l e t o t a k e a d v a n t a g e o f a n y e n e r g y s u p p l y 
o p p o r t u n i t y t h a t i s e c o n o m i c a l l y a d v a n t a g e o u s . The t e c h n i c a l p r o b l e m s c o n n -
- e c t e d w i t h the c o n s t r u c t i o n and o p e r a t i o n o f a t i d a l s t r e a m g e n e r a t o r , (;r 
t i d e m i l l , seem l a r g e l y to have b e e n o v e r c o m e in r e c e n t y e a r s by work c i r -
- e c t e d t o w a r d s t h e o f f s h o r e o i l i n d u s t r y . T h e r e seems l i t t l e d o u b t t h a t a 
t i d e m i l l c o u l d be b u i l t , i n s t a l l e d and o p e r a t e o . The p r o b l e m l i e s i n the 
e c o n o m i c s : w o u l d s u c h a m i l l be w o r t h h a v i n g ? An a t t e m p t to i n d i c a t e 
a n s w e r s t o t h a t q u e s t i o n f o r m s the b o d y o f t h e p a p e r . 
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O u t p u t and s i z e 
The o u t p u t o f a t i d e m i l l d e p e n d s )n the a rea o f i n t e r c e p t e d f l o w and the 
c u b e o f s t r e a m v e l o c i t y . U s i n g v a l u e s d i s c u s s e d more f u l l y e l s e w h e r e by Cave 
and Evans ( 1 9 8 4 ) , and a s s u m i n g u n i f o r m v e l o c i t y d i s t r i b u t i o n o v e r a h o r i z o n -
- t a l a x i s r o t o r , f i g u r e 1 i s p r o d u c e d . F o r a t y p i c a l s i t e , mean o u t p u t ovP'-
a y e a r i s a b o u t a q u a r t e r o f r a t e d o u t p u t . 
E c o n o m i c s 
The a p p r o a c h u s e d i s b a s e d on t h a t d e v e l o p e d Dy ETSU ( 1 9 8 2 ) , c a l c u l a t i n g 
p e r m i s s i b l e i n v e s t m e n t i n a r e n e w a b l e r e p l a c i n g f u e l . A l l c a s h v a l u e s a r e 
c o r r e c t e d to m i d - 1 9 8 4 u s i n g p u b l i s h e d i n d i c e s ( M o n t h l y B u l l e t i n o f S t a t i s t i c s 
1 9 3 5 ) . A s s u m p t i o n s made a r e a t e s t d i s c o u n t r a t e o f 5* and a p l a n t f a c t o r o f 
0 . 3 , w h i c h i n c l u d e s a l o a d f a c t o r and a v a i l a b i l i t y . P l a n t l i v e s b e t e w e e n iO 
and 25 y e a r s a r e c o n s i d e r e d , w h i l e t h r e e c a s e s o f f u e l p r i c e r i s e a r e t a k e n , 
w i t h r i s e s o v e r a 25 y e a r p e r i o d o f 1 : 200^b, 2 : 100% , I I I : 5 0 % . C o s t s 
f o r m a i n t e n a n c e and t r a n s m i s s i o n have b e e n t a k e n f r o m ETSU ( 1 9 8 2 ) by a n a l o g y 
w i t h o f f s h o r e w i n d g e n e r a t i o n . 
T e c h n o l o g y and i n s t a l l a t i o n 
Each t i d e m i l l i s e n v i s a g e a as b e i n g o f m o d e s t s i z e i.ZOKW-U'.W) and b o t t o m 
moun ted o n a g r a v i t y s t r u c t u r e . The g e n e r a ! c o n f i g u r a t i o n p r o p o s e d i s shown 
in f i g u r e 2. The s u b m e r g e d r o t o r a v o i d s the w o r s t e f f e c t s o f w a v e s . The 
e l e c t r i c a l e q u i p m e n t w o u l d be m o u n t e d n e a r the r o t o r w i t h power t r a n s m i s s i o n 
a s h o r e by s u b m a r i n e c a b l e . A l l t h e s i t e s c o n s i d e r e d a r e n e a r l a n d and the 
c o s t o f such a c a b l e w o u l d no t be e x c e s s i v e . 
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C o s t s 
A c o s t i n g s t u d y u s i n g g e n e r i c t e c h n i q u e s i s i n c l u d e d i n the p rogramme a t 
P l y m o u t h , b u t r e s u l t s a r e n o t y e t a v a i l a b l e . M i l l e r ; 1 9 8 3 ) g i v e s the c o s t o f 
a 4 . 3 m d i a m e t e r h o r i z o n t a l a x i s m a c h i n e d e s i g n e d to o p e r a t e i n 2 m/s f l o w 
as S1630/KW. T h i s c a n be i n d e x e d t o 1984 v a l u e s t o g i v e £ 1 2 4 6 / K W . The a s sump-
- t i o n s made i n the c o s t i n g make i t e q u i v a l e n t to " t i d e m i l l " v a l u e s b e l o w . 
M a r k e t 
A number o f s i t e s ha ve b e e n ' i d e n t i f i e d i n a d d i t i o n to the C h a n n e l I s l a n d s . 
They i n c l u d e t h e N o r t h D e v o n c o a s t and l o c a t i o n s i n S c o t l a n d . T h e r e i s a 
v e r y p r o m i s i n g s i t e a t C h i n d o s u d o i n S o u t h K o r e a where 7 m/s s t r e a m s o c c u r . 
CABLE L INKS TO EOF 
A l i n k to EOF i s a c u r r e n t s u p p l y o p t i o n i n the C h a n n e l I s l a n d s . J e r s e y has 
j u s t c o m i n i s s i o n e d a l i n k w h i l e A l d e r n e y and G u e r n s e y have them u n d e r c o n -
- s i d e r a t i o n . The t a r i f f i s v e r y c o m p l e x ( P i n t a , 1984 ) w i t h a f i x e d c h a r g e and 
m e t e r e d s t r u c t u r e t h a t f o r c e s u s e r s to t a k e e l e c t r i c i t y a t o f f peak and peak 
t i m e s . A c t u a l r a t e s v a r y f r om 9 . 7 6 to 0 . 5 9 p/KWh, b u t n e i t h e r -pf t h e s e i s 
a c c e s s i b l e i n i s o l a t i o n . R a t e s a v e r a g i n g a b o u t 3 p/KWh seem t o be a c h i e v e d i n 
p r a c t i c e . In a d d i t i o n to e l e c t r i c i t y c o s t s , t h e r e w i l l be c a b l i n g and c o n n e c -
- t i o n to be b o r n e by the u s e r , and m a i n t e n a n c e on the c a b l e and s t a n d b y 
s y s t e m . T h i s i s needed as r e p a i r t i m e s on c a b l e b r e a k a g e c o u l d be 2-3 m o n t h s . 
•Jackson ( 1 9 8 4 ) g a v e c o s t s f o r a p r o p o s e d c n n e c t i o n f rom A l d e r n e y , w i t h 
an e n e r g y demand in 1982 o f 3 .95 GWh i n c l u a i n g h e a t i n g o i l . 
A v e r a g e p r i c e o f e l e c t r i c i t y 
C a p i t a l c h a r g e f o r c a b l e , 15 y e a r 
M a i n t e n a n c e and s t a n d b y s y s t e m 
T o t a l c o s t a t 3 . 9 5 GWh 
3 .0 p/KWh 
1 i f e 3 .5 p/KWh 
5.2 p/KWh 
1 1 . 7 p/KWh 
LAT 
g r a v i t y 
b a s e 
F i g . 2. P o s s i b l e c o n f i g u r a t i o n o f t i d e m i l l 
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C u r r e n t s u p p l y and e c o n o m i c s 
The c u r r e n t e l e c t r i c i t y s u p p l y on A l d e r n e y c o m p r i s e s f i v e d i e s e l e n g i n e s a l l 
u s i n g d i s t i l l a t e f u e l . i n s t a 11 ed c a p a c i t y i s 1.52 ."^ W, maximum demand to 1984 
was 980 KW, the min imum was 220 KW.The c o s t o f p r o d u c t i o n i n 1982 ( J a c k s o n , 
1984) was 10 p/KWh, and t o t a l p r o d u c t i o n was 3 .57 GWh, U s i n g t h e e c o n o m i c 
a r g u m e n t s o u t l i n e d a b o v e , and w i t h a 1984 f u e l v a l u e o f 4 , 7 9 p/KWh, the c a s e 
f o r i n v e s t m e n t i n t i d a l s t r e a m g e n e r a t o r s i s g i v e n i n t a b l e I. 
T i d a l F l o w s 
A good d e s c r i p t i o n o f t he t i d a l f l o w r o u n d A l d e r n e y is g i v e n by W a r b u r g 
( 1 9 4 5 ) , T h i s d e s c r i p t i o n , c o n f i r m e d by l i m i t e d s u r v e y and l o c a l e x p e r i e n c e , 
i s s u m m a r i s e d i n f i g u r e 3. The m a i n f l o w s , e x c e e d i n g 3.5 m/s i n t h e Sw inge 
and R a c e , c h a n g e d i r e c t i o n t o g e t h e r on a no rma l t i d a l c y c l e . The two e d d y 
f l o w s a r e a s y m m e t r i c a l i n t ime and a l m o s t e x a c t l y o u t o f p h a s e so t h a t s l a c k 
w a t e r to the s o u t h c o i n c i d e s w i t h maximum f l o w to t h e n o r t h , A p a i r o f s i t e s 
c o u l d thus be f o u n d , p h y s i c a l l y c l o s e t o e a c h o t h e r , o u t o f p h a s e , and w i t h 
s t r e a m v e l o c i t i e s up to 2 m/s. T h e s e w o u l d make p o s s i b l e a c o n t r i b u t i o n to 
f i r m p o w e r , f a v o u r a b l y a l t e r i n g t h e e c o n o m i c c a s e . 
D i s c u s s i o n 
A l d e r n e y c u r r e n t l y has a r e l i a b l e e l e c t r i c i t y s u p p l y w h i c h m e e t s t h e needs o f 
i t s c o n s u m e r s . I t i s , h o w e v e r , e x p e n s i v e . E n e r g y s u p p l y on A l d e r n e y i s 
c u r r e n t l y u n d e r r e v i e w ( J a c k s o n , 1 9 8 4 ) and a c a s e f o r a l i n k to EOF has b e e n 
made. T h i s p r o v e s to be u n e c o n o m i c u n l e s s demand r i s e s to 10 GWh, and t h i s 
d e p e n d s on e c o n o m i c g r o w t h w h i c h may n o t be p o s s i b l e . The c a s e f o r t i d a l 
e n e r g y i s a good o n e . On the s m a l l e s t p r o j e c t e d r i s e in o i l p r i c e s ( I I I ) 
i n v e s t m e n t i s w o r t h w h i l e o v e r 20 y e a r s . W i t h t h e l a r g e s t r i s e ( I ) , p a y b a c k 
s h o u l d be p o s s i b l e o v e r a b o u t 12 y e a r s . The t i d a l r e g i m e makes p o s s i b l e a 
c o n t r i b u t i o n to f i r m p o w e r , and an i n s t a l l a t i o n on t h i s b a s i s c o u l d be s i z e d 
a l w a y s to meet t h e min imum demand o f 220 KW, S u r p l u s p r o d u c t i o n a t n i g h t 
c o u l d be a b s o r b e d by w a t e r h e a t i n g u s i n g l o a d management t e c h n i q u e s , and 
u ; ? d u s e f u l l y d u r i n g the d a y . O v e r a l l , A l d e r n e y p r e s e n t s a v e r y g o o d c a s e 
f o r more d e t a i l e d s t u d y i n t o t h e u t i l i s a t i o n o f t i d a l s t r e a m e n e r g y . 
F i g . 3 T i d a l s t r e a m s a r o u n d A l d e ' " n e y 
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GUERNSEY 
C u r r e n t s u p p l y and e c o n o m i c s 
The c u r r e n t e l e c t r i c i t y s u p p l y on G u e r n s e y c o n s i s t s o f 3 S u l z e r d i e s e l s 
r a t e d a t 11 MW e a c h and 6 M i r r l e e s d i e s e l s r a t e d a t 3.5 t o 3 . 8 ."^ W e a c h . A i l 
t h e s e b u r n h e a v y f u e l o i l . T h e r e i s a l s o a g a s t u r b i n e r a t e d a t 11 MW. The 
maximum demand to 1983 was 4 3 . 5 ^M, t h e min imum 8 MW. T o t a l c o n s u m p t i o n i n 
1982/3 was 167 GWh. The c o s t o f f u e l i n 1984 i s t a k e n as 3 .0 p/KWh, g i v i n g 
the r e s u l t s in t a b l e 1. 
T i d a l f l o w s 
G u e r n s e y i s i n t h e m a i n s t r e a m f l o w i n g a l o n g t h e F r e n c h c o a s t . S i t e s c a n be 
f o u n d a l l r o u n d the i s l a n d whe re 2 . 5 m/s i s r e a c h e d , bu t no d e t a i l e d s u r v e y 
has b e e n made . Wa rbu rg ( 1945 ) r e p o r t s an o u t o f p h a s e e f f e c t w h e r e t h e 
s t r e a m a l o n g the n o r t h c o a s t i s t u r n i n g w h i l e t h e m a i n s t r e a m i s f l o w i n g s o u t h 
w e s t w a r d a t f u l l s t r e n g t h . 
D i s c u s s i o n 
E n e r g y s u p p l y has r e c e n t l y come u n d e r r e v i e w , and a l i n k t o EDF i s b e i n g 
i n v e s t i g a t e d . S t a b i l i t y p r o b l e m s c a u s e d b y i t s l e n g t h may n e c e s s i t a t e a DC 
l i n k , i n c r e a s i n g c o s t s , h o w e v e r . The c a s e f o r t i d a l s t r e a m e n e r g y b a s e d on 
f u e l r e p l a c e m e n t c an o n l y be made i f the w o r s t c a s e f u e l p r i c e r i s e ( ! ) i s 
c o m b i n e d w i t h a 25 y e a r v i e w . I f a p a i r o f o u t o f p h a s e s i t e s c o u l d be l o c a -
- t e d , the e c o n o m i c a r g u m e n t w o u l d a l t e r f a v o u r a b l y . 
JERSEY 
C u r r e n t s u p p l y and e c o n o m i c s 
J e r s e y has a c o m p l e x e n e r g y s u p p l y s y s t e m b a s e d m a i n l y on a 90 MW n e a v y o i l 
b u r n i n g s t e a m t u r b i n e p l a n t . T h e r e a r e a l s o 4 d i s t i l l a t e f u e l d i e s e l s r a t e d 
a t 5 HW e a c h and a 1 7 . 5 MW g a s t u r b i n e . The R e s o u r c e s R e c o v e r y B o a r d (RR8) 
o p e r a t e s a r e f u s e b u r n i n g p l a n t p r o d u c i n g 3 MW o f s t eam and a 1.7 MW d i e s e l 
p l a n t b u r n i n g r e f u s e d e r i v e d m e t h a n e . A b o u t h a l f t h e RRB o u t p u t i s s o l d t o 
J e r s e y E l e c t r i c i t y . A 40 MW l i n k to EOF has j u s t b e e n c o m m i s s i o n e d . The dom-
- e s t i c t a r i f f i n 1984 was 6 . 7 p/KWh and t h e p u r c h a s e r a t e f r o m RRB was 
P a y b a c k C a s e 1 C a s e !1 C a s e 111 
Y e a r s £/KW p/KWh £/KW p/KWh £/KW p/KWh 
10 t o t a 1 1369 6 . 7 1170 5 7 7 1071 5 28 A l d e r n e y 
t i d e m i l l 896 699 600 
15 t o t a l 2049 7.5 1678 6 15 1492 5 47 A l d e r n e y 
t i d e m i l l 1526 1155 969 
20 t o t a l 2686 8 .2 2128 6 5 1848 5 6 A l d e r n e y 
t i d e m i l l 2092 1534 1254 
25 t o t a 1 3259 8 . 8 2521 6 3 2148 5 3 A l d e r n e y 
t i d e m i l l 2614 1353 1493 
20 t o t a 1 1693 5 .12 1342 A 1 1165 3 53 G u e r n s e y . J e r s e y 
t i d e m i l l 1099 748 571 
25 t o t a l 2060 5 .56 1589 4 29 1354 3 66 G u e r n s e y . J e r s e y 
t i d e m i l l 1405 934 699 
T a b l e 1. F u e l r e p l a c e m e n t e c o n o m i c s . 
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3.34 p/KWh, g e a r e d to o i l p r i c e s , . ' laximum demand to 1985 was 97 .'»IW and t h e 
minimum 1 4 . 6 MW. T o t a l p r o d u c t i o n i n 1982/3 was 327 .5 GWh. The c o s t o f 
f u e l i n 1984 was t a k e n 3 .0 p/KWh g i v i n g the r e s u l t s i n t a b l e I. 
T i d a l F l ows 
J e r s e y i s o u t o f t h e m a i n f l o w a l o n g the F r e n c h c o a s t , b u t d o e s have a 
l a r g e r t i d a l r a n g e t h a n t h e o t h e r i s l a n d s . W a r b u r g (1945) r e p o r t s t h a t s l a c k 
w a t e r o c c u r s on n o r t h and s o u t h c o a s t s w i t h f u l l f l o w a l o n g e a s t and w e s t 
c o a s t s , and v i c e v e r s a . A number o f s i t e s e x i s t o f f a l l c o a s t s w h e r e 2 .5 m/s 
o c c u r s and one o f t h e s e has b e e n s u r v e y e d i n d e t a i l . 
Di s c u s s i o n 
J e r s e y has a r o b u s t power s u p p l y s y s t e m w h i c h i n c l u d e s a l i n k to EOF . T h i s 
l i n k w i l l n e v e r meet f u l l c o n s u m p t i o n and a s t a n d b y w i l l h a ve t o be k e p t 
anyway . J e r s e y E l e c t r i c i t y i s u s e d to o b t a i n i n g power f r o m u n c o n v e n t i o n a l 
s o u r c e s and means t o r e d u c e i m p o r t c o s t s a r e a l w a y s o f i n t e r e s t . The c a s e 
f o r t i d a l s t r e a m e n e r g y r e q u i r e s a l o n g v i e w , b u t i n the s h o r t e r t e r m t h e r e 
i s a v e r y good s i t e f o r a p r o t o t y p e t i d e m i l l c a n t i l e v e r e d o u t f r o m S t . 
C a t h e r i n e ' s b r e a k w a t e r i n t o the t i d e r a c e . T h i s c o u l d be a s m a l l (4m) b u t 
u s e f u l (10 KW) d e v i c e and w o u l d g i v e v a l u a b l e o p e r a t i n g e x p e r i e n c e . 
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I I Tiital stream thamnnJ iahtr\ 
I h f u s u a l w a y o f p r c s c n l i n f i l i d a l s ( r c a m d a t a o n n a v i n a l i o n ; < l 
c h a K s I.S In l a h u l a i r v a l u e s oi s e t ( i n d e g r e e s t r u e ) a n d m e a n 
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A Tidal Straai i Diamortd Tabia 
The tundard port is uiually (he nearest one to (he 
diamond, but on imail-icale charts, most diamondt are 
referred to Dover. The neap rale a alto included in (he (ablet, 
but this is really luperfluout, because it it in almost every cate 
deduced from the spring rate using the foimula: 
Neap rate = Spring rate X mean neap range mean tpnng range 
1.2 Polar diagrams 
If Ihe thirteen values of set and rate be plotted on polar graph 
paper, then the resulting flgure often resembles an ellipse. If 
only semi-diurnal stream (species 2) is present, then it will be a 
perfect ellipse. The deviation of a given figure from an ellipte 
it therefore a measure of how much energy is present from 
other tpedes (fig.I), In a semi-diurnal regime, the principal 
distortion will be caused by the quarter-diurnal stream 
(tpedei 4): in (he thelf teat, there may be lignificanl 
conlribu(iont from the tixth-diurrul (tpeciet 6). while in 
ettuariet, much higher species may be important. 
1.3 Sfmi-diurnal andquarirr-diurrral iidri 
So far at the vertical tide is concerned, (he distorting effect ol 
Ihe quarter-diurnal species may be charaaeri^ed by two 
parameters 
P 4 = 
amplitude of the quarter-diurnal tide 
amplitude of ihetemi-diumaltide 
X. = phase ofthe quarter-diurnal tide relative to the H.W, of 
the semi-diurnal tide. 
N.B, These quantities are labelled F. and f< respectively in 
Admiralty Tide Tables and other publicaliont of the 
Hydrographic [department. 
The types of tidal curve produced by difTerent 
combinations of P< and Xj have long been known: for . 
instance. Doodson and Warburg(1941)showed that for X< = 
180°. double high waters will occur irP<>0,2Janda flattened 
high water will occur if P< < 0.25. Other examples arc 
illu.sirated in fig, 3, 
The combination of semi-diurnal and quarter-diurnal 
streams is rather more complicated, since (he streams a r e 
two-dimensional. We first examine the mathematics. 
2. The maihrmaliCi of semi-diurnal plus quarirr-diurnal 
streams 
1.1 The semi-diurnal ellipse 
C o n s i d e r f o r I h e m o m e n t j u s i I h e s e m i - d i u r n a l s t r e a m ; w r 
m a y r e s o l v e t h i s i n t o t w o o n h o g i i n a l c o m p o n e n t s u j n d v . 
e a c h o f w h i c h o v e r a s i n g l e t i d a l c y c l e m a y b e c o n s i d e r e d as 
e x e c u t i n g s i m p l e h a r m o n i c m o t i o n w i t h a n a n g u l a r f r e q u e r > c v u > 
T h e c o m p o n e n t s a r e t h e r e f o r e g i v e n b y 
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Sum of tami-diurnml and qumnar-diurnal tidat 
u - •> >«• wt f a»inwt (I) 
V - f c-«wt • t> *i"v« (2) 
u and V nuy be combined lo form a tingle vector i.e. £ = u + iv 
U £ " * "^'^  
If we re-write the trigonometric terms in (I) and (2) in 
exponential form, then (3) becomes: 
(4) 
where £. and are (complex) vectors with the tame fixed 
origin, but rotating in opposite direciiont. We may further 
write: 
l £ . l * » f ^ ( " t * M * l £ - l « » f H 6 - t - « j ] (5) 
where and 6 are the phaies of the positive and negative 
components relative to the tame lime origin. 
The lip of the vector Q describes an ellipse with the 
following properties: 
(II) s<mi-j«is minor. 
note that this can be positive or negative 
(ill) the phase of Ihe maximum stream. <4; Ihis occurs when 
and t" are uligned. i.e. when w t • S,. - -wt • X. 
(10) 
(11) 
•••-^-i-fL-f.) (8) 
(iv) (he orientation of the maximum ttream. x. is given by "V • v»t •» i, ™-wl" • I- /q\ 
If ncccuary. ^ and y can be expreoed in terms of the 
original parametricconstants by writing 
Eqiut ion (4) may now be written at 
C .otf ty((fcJ«,(i«t:-t^J.;£j«xff«t«i^ (12) 
Thit may be interpreted at a vector^* rotated through an 
angle jt. i.e. referred (o (he major txit of (he ellipse, whence 
c ' - l t.|«f('-t- i ^ ) * I f e J o c f C - t - t . * . ^ ) (13) 
It it useful todefinea tha(>e factor,).as the ratio 
£ - -I. ^  semi-axis minor ..i^.<-^.| ^^ ^^  
^ semi-axis major 
The semi-diurnal ellipse it best described by the four 
parameters R.<, x and <t>. 
2.2 Thequarirr-dturnalitream 
Suffix 4 denotes the species 4 or qu:i(icriliiirnjl Mream This 
has twice the frequency of ihe semi-diurnal million, and also 
constitutes an ellipse, with similar parameters 
R4 the scini-j»is major 
«. the eltipliciiy 
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We mdke the following subsliiulions' 
R, _ .semi-axii major of q.d. ellipse 
~ R, semi-a>is major ofs.d. ellip>c 
A, = * 4 - 2<t>i =phaseof M F. of species 4 relalive lo M.K. of 
species 2 (18) 
These quaniiiies are completely analagous to their 
counterparts for the vertical tides, introduced in section 1.3 
94 = x I - jrj=orientation of q.d. major axis relative to s.d. 
majoraxis (19) 
Equation(7) may now be re-written 
*f,(i'^)^(2ii--X^ -104) 
.p,fl-£,)o:p(-2^ ,»*i\, • s . e ^ ) } (20) 
The combined semi-diurnal and quaner-diurnal streams 
are fully described by (he eigh( parameters R . x . P4. « 4 . 
04 and X4. 
2.3 Signconvemions 
The foregoing mathematics has been carefully presented to 
as 10 be independent of any sign convention. In practice, two 
conventions are commonly used; the mathematical and the 
nautical. The difTerences between these are given in (his 
table: 
\il III Mtiiini 
Miniif ii\i-\. 
Shiipt-1 in tor\ 
I h u s x _ I 
Malhrmillu III Wuutliiil 
M c a M i i c d . i n t i M c . i v u f c < l c I t K ' k -
c l i K ' k w i \ r If o n i d u e w i v e I m n i d u e 
I : i M N o i i h 
I ' l i M i i v e t i l l a n t i - Positive I n i c l o c k . 
c l i K k w i s e million wive million 
^ 0 " . . i n d t .ind 0 change v i g i i when l l u -
1 o n v e i n 11 111 ihangiv 1?) d i i i l A jic iinaffecicd h y I h c i h o i c c i i l 
cotivetiliiin 
I i g . 4 illuvirateMhedfdniiiiins of R.t,. 1 . ... a n d 0. for 
a n idealized example, i n t h e t w o conveniionv 1 h e computer 
program described i n t h e next section used h i i t h 
conventions; in t h e remainder of (his paper the nautical 
convention i s used. I urther precisions on the ranges ofthe 
parameters are given in sections 4.2 l o4.8. 
2.4 Program for analysis 
A computer program was written 1 0 analyse tidal stream 
diamond tables, and to print the parameters in the formal of 
fig. 5. The mode of operation of (his program is now 
presented as a sequence of instructions. 
(a) Read 13 values of set and rate referred to up to 4 
standard ports 
(b) Reduce all times 10 the same origin, viz. the time of 
passage of the mean Moon across the Greenwich 
meridian. 
(c) Compute and extract the residual moiion (tee section 
3.4). 
(d) Compute Fourier coefficients a. a. fi, b for the species 2 
stream. 
(e) Compute preliminary values of R. «. x and 4 for the 
species 2 stream. 
(0 Check that the values of x and * refer to the same apse; if 
not change <t> by 180°. 
(g) Check (ha( x refers (o (he flood ra(her (han Ihe ebb 
stream (see section 4 . 4 ) ; if it is incorrea. change both ^ 
and X by 180° 
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(hi Mnilily the i.\mA so ihai ii ri-lcis (<» fhc major .ind mintir 
a»cv 111 Ihr vrnii-diiirnal ellipse, anil ilianni- ihe linic 
origin lo Ihe inslaiil ol niakiniiini llooil ul ihe semi-
diurnal ellipse. 
(i| r.niracl Ihe semi-diiiinal sireain from Ihe daia 
(j) Compute I'ourier coeffKii'ms lor the quarier-iliurnal 
stream 
|k) Compute the parameters ol the quarter-iliiirnal ellipse 
referred to the semi-diurnal ellipse 
(11 Check that the values of the relative phase and relative 
iirientaiion refer to the same apse; if not. modify as 
nece%.sary. 
(ml Check that the selected apse of the quaricr-diurnal 
ellipse lies within the flood semicircle of the semi-diurnal 
ellipse; if not. modify as necessary. 
(n) Extract (he quarler-diurnal moiion from (he data. 
(o) Repeal (j) (o (m) for (he species 6 stream 
(p) Print (he resulls. 
The semi-diurnal and quarter-diurnal ellipses for the 
exemplary diamond are illustrated in fig. 6. 
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Stmi-diurntI »nd qumnar-diurnal alliptmt (1.82 NM dua N 
oi Won Hock) 
3. The reduction of lldal iireom observations 
3.1 Short-prrlod observations 
For Ihe most pan. the sources of tidal ttream diamond data 
are meaturements of tidal flows (i.e. tidal streams -I-current) 
taken at spring tides over a period of only 25 hours (two 
semi-diurnal lidal cycles), often using a pole logship. The 
techniques of measurement and analysis are described in 
A.M.M.S. vol.11. Chap. 2. An estimate of ihe accuracy 
associated with observations of ihis type is given in fig 7. 
/„/,. ii.i.ii 
PcriiHl III ohseiv.iiion 1 nioiilli .'^  ii .M i i s 
Amplitude nl species 2 :iii :ki 
Accuracy nl an ifulividii.il 
ohscrvalinn II llll II Ikl 
Accuracy of a coiiipiiud 
amplitiiiie n III III II Ikl 
Si/e of P. II11^ n 111 
Amplitude 111 species 4 0.1 III II 2ki 
Accuracy of species 4 amplitude 10'; SO': 
Fig 7 
Typical orders ol magnitude in the observation ol tides and 
tidal streams 
3.2 Long period observation 
In recent years, a n increasing number ol tidal stream 
observations have been made using automatic recording 
current-meters. Not only do these ins(ruments increase I h e 
accuracy of an individual measurement, but the long period 
of observation (often o n e or two synodic months) allows the 
constants for prediction to be defined with much more 
precision than in the case of the more traditional 
observations. A month's observation permits spcaral 
resolution to the group rather (han the species level, and 
some separation of current from excess ttream. 
A wider choice of methods is open to the tidal analyst than 
in the case of the short-period data; e.g. harmonic analysis 
by least-squares fit to a pre-determined number of 
constituents, or by the method of N.P. 159 (Glen. 1984). 
Should one wish, however, (o draw up a (idal stream 
diamond table from (he results of such a span of 
observaiions.a suitabletechniquehasalsobeendescribed by 
Glen (1984). 
3.3 Retutis from numerical models 
The introduction of automatic current-meters has increased 
the resolution in time of tidal stream observations, but has 
had comparatively little effect on their resolution in space. 
One cannot, especially near the coast, interpolate with 
confiderKe between diamonds, even with the aid of 
techniques such as trend surface analysis. 
hi principle, this problem can be overcome by using 
numerical models, in which Ihe streams ire computed at 
every grid-point. For a model of (he English Channel, a grid 
ipacing or 2'/j NM has reoendy been used by Pingree. 
Grimthi and Maddock (1984). One problem associated wit h 
these models is that (he output is in (he form of flows 
averaged throughout the water column (the bulk flow rate), 
whereas the navigator is interested in the motion of only the 
top layer, as deep as the draft of his vessel. The relationship 
between the two is not simple, but recent work by Prandle 
(1982) has cUrified it. 
3.4 Residual motion, current and excess stream 
We must remember al Ihis point that observations are ofthe 
tidal flow rather than the (idal s(ream. The(woare relalcd by 
(he expression: 
Tidal flow = Tidal stream ••- Curreni 
where, in principle. I h e ultimate cause of the tidal stream is 
astronomical ((he difTerential gravitational pull of the Sun 
and Moon), whereas the causes of curreni are geophysical 
(e.g. wind stress and density difTerences). 
During a period of 25 hours, the current may b e 
considered as constant. The only exception would be a 
curreni surge, but since these are caused by stormy weather 
(Howarth. 1975). this may be discounted; o n e would n o i h e 
making measuremenis at such a l i m e 
It does not follow, however, that the vectorial average oi 
the tidal flow over the 25 hours (called the r e j u / u o / m o / K m ) is 
necessarily current. Il m a y he excrsi sirrum. I h i s w i l l he ihc 
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ml culler Miie I lie rale nl ihe eteesv siicam. like ihai nl Ihe 
revcfsing \ireani. ilepeiuiN on ihc lange nl Ihe iiile in ihe 
parliciilar liclal cycle Irnni ihe pnicil ol view nl llie 
harmiinic melhiitl, eicevv sircaiii may be regarileil as a 
ciinsiani vecnii (nt zero Ireqiiencyl. plus l o n g i H i H H I 
ciinMiliienls. Ilie niusi iitip«»riaiil nl Ihese bein^! the 
liirinifiliily varialion known as M S I Currcni. on the nihei 
hand, is intlepciulenl nl Ihc ran(;e nl lulc 
There is no reason why boili curreiil and excess sireani 
should mil locxisi al Ihe same place, hul il would lake a 
long periiul ol ciiniiiuious obscrvalion lo disenlangle llic 
Iwii In a shiiri-period analysis, ihey cannot be sepjraieil 
The policy ol the Ilydrngraphic f^ eparlmeni is to assume. 
(a) lor most diamonds, particularly those well offshore, any 
residual stream is current; it is extracted from ihe data 
before compiling the tidal stream diamond table; 
(h) near salient points, in known eddies, and indeed 
anywhere where Ihe residual motion is abnormally 
large, it is assumed lo be excess stream, and is retained in 
the tidal stream diamond table 
4 . Rrsulis from diamonds in ihr Celtic Sea and English 
Channel 
4.1 Iniroduciion 
In order to gain an idea of typical values of the eight 
parameters discussed in section 2. and also of the residual 
moiion. 126 diamonds were analysed using the computer 
program outlined in section 2.4. These were distributed as 
shown in fig. 8. 
Results for the four semi-diurnal parameters are not 
presenied here, except in a cursory manner, since they have 
been presented elsewhere: e.g. by Sager and Sammlcr (1975). 
Maddock and Pingree (1977). As far as the species 4 
parameters are concerned, because of the inherent 
inaccuracy of ~50% (Hg. 7) in estimating their values, we 
should not expect any spatial coherence in the results. To 
obtain this, one would look lo the results from a numerical 
iiiiidel Nevertheless, a coheieill palfern din's eiiui ^.-e t<<i ihe 
value ol I', around Poiilan<l Hill lig 9 shows ih.ii ii .iii.uiis 
local maxima about a mile lo the N W and N I ol ihe Mill 
Airu 
i'ettic Sea and 
liiglish ('hannel 
I ands I lul to 
Scillv 
Channel Islands 
Bill of Portland 
No ../ 
iliumnmix 
I I 
4 7 
Hrpicyt-nlinf; 
Oltshorc sifcains in shell seas more ihan K I N M li.tiii the co;isi 
Inshore sircanis in an 
aica of gener;illv cloekuise 
rotation 
Inshore streams m an area 
of generally aniKliKkwisc 
rotation 
.11 Inshore streams around a 
salient point. 
Fig a 
Table of ses erees used in enelysing tidal stream diamonds 
4.2 Semi-axis major of the semi-diurnal ellipse. R 
In the areas considered, ihis ranged from 0.24kt (1.2NM east 
of the entrance lo Weymouth Harbour) to 8.llkt (in the 
Alderney Race). 
4.3 Shape factor of the semi-diurnal ellipse. «i 
In theory, this can vary from -1 (circular anii-clockwise on 
the nautical convention) through 0 (rectilinear) to -HI 
(circular clockwise). Near-circular streams are found in 
three areas, as shown in Tig. 10. In the channel between 
Guernsey and Herm. an absolutely rectilinear stream 
(033°T-2l3°T)is tabulated. 
° ' y s , o'-'-
Fig 9 
Ttie value ol r. lot streams around Portland Bill 
A9.19 
Shiipf 
Sea Aim llll A / *"»c *• I III alum , lailiii 
< V I l K S c . i 51 " l ^ ' U 5"5(r 0 ( Dicp ( I K W 
llilw.cn I a i i d s 4'»- S V 1) 4 S ' / , N M S W ( 0 X 7 4 
I nil .ind S u l l y ..I W..1I H . K I 
Channel M i - N 4 < * ' X V 6 ? ' '2 ( ) ' 7 V N M N Sark (I.Hi: 
Channel Mcs 4<*"(m-(ll'S?-0 K ' / ^ N M I S I o l 
S i l l r l u ' i I I II K i l l 
fig 10 
Neai ciiculai sirasms I... •Ill K|l 
4 . 4 Oiienialion of Ihr irmi-iliurnal e//ip\r. \ 
l.qualiiin III) has Iwii solutions in the domain 0" to . W i d " 
They are IKO" apart, corresponding to the maximum stream 
in opposite directions. As a conventitm. we are taking x as 
the direction of the maximum/Zoorfslream. The flood stream 
in estuaries is evidently the in-going stream, which often 
roughly corresponds to the rising tide. Offshore, the flood 
stream is defined by the lALA buoyage system; in Ihe 
English Channel, it is therefore the up-Channel stream 
(roughly east-going). 
4.J Phase-lag of the maximum flood. <* 
It has long been customary to refer tidal streams to Dover as 
well as to the nearest standard port. Thechoiceof Dover as a 
"super standard port" is a curious one. since Ihe tide there 
suffers substantial distortion, with P, = 0 . 0 5 4 . In the French 
tide tables. Brest is used in a similar capacity, and this is a 
better choice. 
In this paper, however, the stream is referred to the 
passage of the mean Moon over the Greenwich meridian. ^  
IS the interval after the Greenwich transit ofthe mean Moon 
that maximum flood occurs, expressed in degrees of (idal 
time angle (I hour = 28,98 degrees). 
Having defined the flood geographically, then 4 can take 
any value between 0° and 360°, This is considered more 
realistic than the convendon adop(ed by Pingree (1984). 
perhaps following Sager and Sammler (I97J). whereby <* is 
confined to the domain 0° to 180°; the result of this is (ha( 
I80°discon(inui(ies of x occur, and appear very s(range on 
(he charts. 
4.6 Relallve amplitude of the quarter-diurnal ellipse. P« 
~ folf The values of P< are as follows: 
Area Mem 
onshore 0.091 
Lands End - Scilly 0.118 
Channel Islei 0.176 
PortUndBill 0.164 
Maximum 
0.192 
0.250 
0.396 
0.495 
If. in the Celtic Sea and English Channel, we compare the 
offshore lidal streams with the tides on the coast, we find 
that in general. P, <0.06 for the tides. This supports the 
oft-quoted generalization that tidal streams are more 
distorted Ihan tides. 
The exceptions to these limits arc as follows: 
(a) Between Teignmouth and Ihe Nab Tower on the south 
coast of England, i.e. near the degenerate amphidromic 
point (George and Buxton. 1983) ?, for (he (ide exceeds 
0,06; in Poole Harbour. P4<0,9 
(b) At no diamonds in the 126 analysed does P. approach 
anything like 0,9, It may do so. however, near to the 
semi-diurnal stream amphidrome on the Nymphe Bank 
to the south of Ireland, In all cases analysed, P.<0.5 
4 . 7 Shape factor of the quarier-diurnal ellipse. «< 
L i k e this can in principle l a k e any value b e t w e e n -1 and 
+ I; in practice. <4 varied b e t w e e n -0.863 tnd-^ 0 910. T h e r e 
w a s n o correlation b e t w e e n « . a n d « , 
4 . K Relative orientalion 0, and phaie-lag A . of the q.d. ellipse 
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Flange of values ol A , and 9 . lor otfshora streams 
5. The shapes of Polar Diagrams 
5.1 Introduction 
When thequarter-diurnal species is combined with the semi-
diurnal species, the polar diagrams uke on a variety of 
interesting shapes, all of which may be regarded as examples 
of Litaajou's figures. Even though only five rather than eight 
parameters are required lo define a particular shape, the 
number of different possible combinations of P 4 . <>. <4. 04 
and X4 is enormous. The range of values of each of ihese 
parameters has been taken from those which occur in nature: 
P4<0,5. -1<«!< 1. - 1 < « 4 < 1 .-90°S«4 <90°.and 0°<A4<360°. 
5.2 Symmetries 
Detailed analyses were confined to symmetrical polar 
diagrams. These fall into four groups: 
a) 64 =0° A4 = 0°. 180°. 360° symme(rical about x-axis 
b) e, = ±90° A4 = 0°. 180°. 360° symmetrical about y-axi« 
c) 6, = ±90° A4 = ±90° symmetrical about x-aiis 
d) 84 = 0° A4 = ±90° symmetrical about y-axis 
The patterns with appropriate reflections in the axes. 
produce themselves eight times in Ihe (04.A4) plane (fig. 12). 
A fifth group . (e) is represented by 04 = 4 5 ° . A4 = 4 5 ° ; Ihis 
produces characteristic aerofoil shapes, as shown in fig. 1 3 . 
5 J Classification of symmetrical shapes 
T h e multiplicity of shapes has been classified according 1 0 
two principles, morphological and pictographic (fig. 1 4 ) . In 
most cases the curve dt>es not interscn itself, but in others, 
there are one, two, or even three crossing (winls M a n y of Ihe 
curves exhibit maxima of curvature, or "verlices", between 
which are "sides', which may b e convex or concave. T h i s 
morphological classification provides ihe basis for ihe 
layoul in fig 15 
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Keys to layout ol display of polar diagrams 
More subjectively. Ihe curves have been labelled on a 
piciographic basis. The principal classes may be termed 
'boomerangs', 'arrowheads' and 'indian clubs': others are 
given in fig. 16; their names arc limited only by Ihe 
imagination. 
The transitions between the dilTerent classes of curve are 
gradual and it isdifTicult lo classify certain cases. Moreover, 
il is possible lo move from one type lo another along more 
Ihan one route, which is lo be expected when wandering 
through five-dimeruional spai :. Neither are ihc specifi-
cations for a particular type clear<ul. 
5.4 Occurertcf of symmetrical shapes 
The vast range of possible combinations of Ihe five 
parameters was investigated using a micro-compuler. This 
was programmed to synthesize and plot polar diagrams, 
having specified values of P4. <i. «<. 8» and A.. Dozens of 
curves were plotted in order to draw up figs. 17 and 18, which 
depict Ihe type of curve found under a given combination of 
parameters. 
6. Prediciiorxs from tidal stream diamond data 
6.1 The assumptions used in prediction 
The assumptions used in predicting tidal streams from the 
data given in Ihe tables are as follows: 
(Al) The rate of Ihe stream is a function of tidal time (i.e. 
lime before and after H.W.) at the standard port, and is 
proportional to the range of the tide al Ihe standard 
port. 
(A2) The set ofthe stream Ls a functiononly of lidal time (i.e. 
it is independent ofthe range at the standard port). 
These assumptions tti some extent obviate the difficully 
caused by Ihe fact that the period of observation is Ion short 
III effea the separation of Ihe M , and Si constituents; 1 e 
they allow (or ihc difference between springs anil neaps 
I he assKiiipl i.His .ue feas..M.ihle |ii. >v td.-.l 1I1..1 ihe v.-iiii 
tlitiin.il s|H-(ies in holh llie lul.il sireain .in.I llu- 1..I.' ..1 Mu-
si ;iiKlaril port IS niiji h gre:iler Ih.in 1 he c.ntiih.iit..ns 11...n 
all other species Otherwise, ihe .issiimpiions i.m lie sh..\kii 
111 theiifciicallv iiitsoiind We cinsuler separ.iieU ihe . .is.-s . ,1 
appreciiihle qu.irlei ..liiinial aiul long.peiiii.l sue.mis 
(» 2 Tht' ftlt'il ol ifuurlfi-iliufnul Mrnim 
Consiiler a li<l;il stream cmiiaiiiing cnniiiliiiiimis ii>.ni 
species 2 Iseini'diiii nail .intl species 4 (qiiar lei (hill n.il I .is m 
the last section In an .iica where the tides .m.l siieaiiis .iie 
'well-bcliiived' (1 e siell away Imm amphidimiiu pmnisi m 
would expect the aiiiplilude of Ihe qiiarier-tliurn.il sue.1111 ( 
in a particular Iid;iI cycle) to be pr.ip.iriiiin.il to the sq 11.lie 1.1 
the amplitude of Ihe senn-diurnal stream 
In symbols. A . <> A , 
l-or further discussion nl Ihis well-known lid;il power law. 
see Munk and C'ariwright (1966) or Doodson and Warburg 
(1941). Similarly, we would expect the amplitude of Ihe 
semi-diurnal stream lo be proportional lo the amplitude <i( 
the semi-diurnal tide; and if the quarler-diurnal tide is 
negligible, approximately proportional to Ihc range 
If we take the mean neap range to he half of the mean 
spring range, (a more accurate figure for this ratio in the 
western English Channel is 0.47). then the tidal power law 
suggests that ihe quarler-diurnal stream at neaps would be '/, 
of its strength at springs. Assumption A I .on the other hand, 
suggests that il would be half as strong. The order ol 
magnitude ofihe error at neaps in using AI is therefore of 
the quarter-diurnal amplitude at springs. This is not great. 
Ihe maximum value of P. *»0.5 with R = 2.0kt at springs 
gives an absolute error of'/^  X 0.5 X 0.25ki; in most cases the 
error will be more likeO. Ikl. i.e. the accuracy of observation 
at most diamonds. 
As far as Ihe quarter-diurnal streams are concerned, 
therefore, the fact that ihe assumptions A I and A2 are 
unsound is of little practical significance. 
6.3 TTie effect of excess streams 
It (urns out Ihal the errors inherent in assumptions AI and 
A2 are much more important in Ihe case of excess stream 
than they are for the quarter-diurnal streams. The largest 
values of excess stream among (he diamonds analysed were 
were found around Portland Bill. The diamond 0.5NM 
N.W. of the Bill, for instance, his an extremely asymmetric 
stream: il floods for 10 hours and ebbs for only 2'/]. Analysis 
show* ihat the rate of ihe residual moiion. (2. Mkt). taken to 
be exccu stream, actually exceeds the semi-txis major of the 
semi-diurnal ellipscf 1.79kt). Il isnotdifTicult to account for 
this behaviour. Figs. 19 and 20 show, that the diamond 
panakes of the Channel fiood ((idal time +OI00 
Devonport). but when Ihe Channel stream is ebbing strongly 
(-0300 Devonport). it lies within Ihe eddy stream to the west 
of Ihe Isle of Portland, and ihis stream counts as fiood. The 
only chance for an ebb stream lo develop is on the early 
Channel ebb (+0600 Devonport). when the eddv has not 
developed (fig. 21). 
Now Ihe assumptions would have us believe that ihe 
Portland eddies al neaps would be just the same sire as ai 
springs, bul with streams roughly half as strong. 
Hydrodynamic considerations show that this cannot be the 
case; Ihe eddy al neaps is bound tobe muchsmaller Indeed, 
although no observations at neaps are implicti in the 
published siream diamond tables, the Channel Pilnl (1977) 
states: 
"The eddies are much smaller at Neaps, at which time 
though the general features of the streams a re prohahls 
about as described, the streams may run in directions 
differing appreciably from those give, ami ihe 
durations ol the S-going streams on hmh sulcs ..I 
Portland peninsula may he considerably shmier ihan 
slated' 
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A p . iNMli l i- p i l l U K - ( i l l I tic M U M HIS ,11 i i i . K i i M i i i i i ("liiniul i h l i 
.11 l U M p s IN given i n f i g 27. 
I i i f any iliamiind like Ihc one c o n M i l e r o l . whiili i s in an 
oUy al springs hut not HI neaps. asMimptinn A2 is clearly ii\ 
i r i i i r It IS likely that the encess siri-am al neaps, instead ol 
heiiig ahout I knot, as suggeslcd hy A I, is practically zero, 
suite al neaps the diamond may no longer be in an eddy. A 
plausible mixlcl (or the residual m n i i u n would be a constant 
etcess siream ol ' I kt. We have here an error of the same 
order as the semi-a«is major ol the semi-diurnal motion, 
which IS serious 
What can be done about errors like ihis"" In theahsencc ol 
iibservaiions at neaps, one is forced to follow the dictum in 
Ihe Pilot 
'Ihc streams at times other than at Springs should therefore be predicted in the usual manner bul used wuh caution.' 
The authors of ihis paper believe Ihal Ihe eventual solution to this problem lies in a new method of predicting tidal streams, a method which is designed to use Ihe results from automatic current-meters and numerical models as well as from short-period observations. Such a method is being planned. 
7. Conclusions and recommendations 
7.1 Data from 126 tidal stream diamonds have been 
analysed into residual moiion and into contributions 
from semi-diurnal and quarter-diurnal species. Eight 
parameters are required fully to describe the semi-
diurnal and quarler-diurnal moiion, but five suffice to 
describe the shape of the polar diagram. 
7.2 Characteristic shapes may be described under headings 
such as 'boomerang', 'arrowhead', 'figure-of-eight', 
'fish', 'egg', 'petal' and 'indian club'. The combination 
of parameters which produce each of these is identified. 
7.3 For (hose tidal stream diamonds which have been the 
subject of only 25 hours of observations (the nujoriiy). 
individual estimates of the quaner-diunul parameters 
are poor, since the quarter-diumal stream is typically 
not much greater ihan the errors of meaiurement, 
7.4 In the ensemble, however, we may have more 
confidence, at least in the range of valuea. Typical value* 
ofthe spedcs 4 parameters are: 
V, < 0 ? o t i s h . i r e . b i l l i i j i I c d ^ n e . u s a h e n l p o i n i s . 
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1. jNTRODUCTION 
C o m o i n a t i o n s o f c o a s t l i n e t o p o g r a p h y a n d t i d a l r e g i m e g i v e r i s e t o t h r e e c a t e g o r i e s 
o f s i t e w h e r e t i d a l e n e r g y e x t r a c t i o n m i g h t b e a t t r a c t i v e . E a c h o f t h e s e t y p e s o f s i t e 
s u g g e s t s t h e d e p l o y m e n t o f a p a r t i c u l a r t e c h n o l o g y . The t h r e e t y p e s a r e i d e n t i f i e d 
b e l o w . 
1.1 S i t e s w h e r e t h e r e i s a l a r g e t i d a l r a n g e a n d l a r g e b a y s and e s t u a r i e s m e e t t h e 
r e d u i r e m e n t s f o r b a r r a g e s c h e m e s on t h e s c a l e o f L a P a n c e and t h e p r o p o s e d 
S e v e r n B a r r a g e . T h e s e w o u l d e m p l o y c o n v e n t i o n a l t u r b i n e s . 
l . Z S i t e s w h e r e t ^ i e r o i s a s . - a l ! e r t i d a l r a n g e ' S- Jm) i n r e g i o n s w i t h n a r r o w emoay-
T .ents and e s t u a r i e s , ' o r e x a m p l e t h e w e s t c o a s t o f S c o t l a n d , -neet t h e r o g u - r e -
•^ents -'or e c o n o m i c d e p l o y m e n t o f n e w e r t e c h n o l o g i e s w h i c h can o p e r a t e a t l o w e r 
h e a d s t n a n c o n v e n t i o n a l t u r b i n e s , e < a m p l e w o u l d be t h e S a l f o r d T r a n s v e r s e 
O s c i l l a t o r , a p r o t o t y p e o f w h i c h i s t o be i n s t a l l e d i n t h e O u t e r H e b r i d e s ; i ) . 
1.3 S i t e s w h e r e l a r g e t i d a l f ' o w s : 2 - ' m / s ) o c c u r i n n a r r o w s t r a i t s b e t w e e n ^and 
T a s s e s o r a d j e a c e n t t o h e a d l a n d s a n d w h e r e t h e c o m p a c t s h a p e o f t h e l a n d o r 
o t h e r * a c t o r s i i a k e • impounding u n a t t r a c t i v e . H e r e , k i n e t i c e n e r g y e x t r a c t i o n 
seems t h e l o g i c a l o p t i o n . H e a d l a n d f l o w s i n p a r t i c u l a r o f t e n g i v e r i s e t o p a i r s 
o f o u t o f p h a s e e d d i e s w n i c h i f u t i l i s e d c o u l d p r o v i d e p o w e r o v e r a s u b s t a n t i a l 
o a r t o f t h e t i d a l c y c l e and h e n c e make a c o n t r i b u t i o n t o f i r m p o w e r . S u i t a b l e 
s i t e s e x i s t ' n t h e ' " .hannel I s l a n d s , t h e B r i s t o l C h a n n e l , t h e " e n a i S t r a i t s , t h e 
P e n t l a n d F i r t h and o v e r s e a s a t C h i n d o s u d o o f f t h e c o a s t o f S o u t h K o r e a w h e r e 
a -m/s s t r e a m i s r e p o r t e d . 
' h e p u r p o s e o f t h i s o a o e r i s t c d i s c u s s a s p e c t s o f t h e e c o n o m i c s and t e c h n o l o g y a s s o c -
i a t e d w . t h t h e 5 ' t ' - a c t - ' : n k i n e t i c e n e r g y f r o m t i d a l f l o w s i n l o c a t i o n s s u c h a s t h o s e 
I d e n t i f i e d ' n a o o v e . 
2. :NS'ALL-T:C'I 
The o v e r a l l --ecui r e m e n t ' O r s a t i s f a c t o r y i n s t a l l a t i o n ~r a p a r t i c u l a r s i t e i s a d e v i c e 
w h i c h i s s t a b l e u r c e r e<"reTe e n v i r o n m e n t a l c o n d i t i o n s , whose o u t p u t i s e c o n o m i c a l l y 
a t t r a c t i v e t o i t s i w r e ' - s . and w h i c h d o e s n o t r e p r e s e n t a h a z a r d t o o t h e r s ea u s e r s . 
-••om Q u b l ' s h e d d a t a , - a m l y A d m i r a l t y c h a r t s , ' •anabooks and p i l o t s , i t i s d e a r t h a t 
t i d a l ' l o w s w i t h s u i t a b l e maximum v e l o c i t i e s e<'5 t a t many ' o c a t i o n s t h r o u g h o u t t n s j.< 
and c o n t i n e n t a l S h e ' ' . The c o m p l e x n a t u r e o f b o t h t h e h o r i z o n t a l and v e r t i c a l s t r u c t u r e 
r e a u i r e s c s r e f u i c o n s i d e r a t i o n b u t f o r t h e p r e s e n t p u r p o s e i t ""ay be a s s u m e d t h a t a 
r e s o u r c e e . - i s t s g i v i n g r i s e t o a l a r g e l y p r e d i c t a b l e o u t D u t . F o r any s u c h s i t e , a ' a r - e 
number o f . j t h e r f a c t o r s w o u l d h a v e t o be c o n s i d e r e d , and a M s t ' s j i v e n b e l o w . 
s h i p p i n g c l e a r w a y s a n d c h a n n e l s 
r e c r e a t i o n s a i l i n g , d i v i n g e t c . 
m a r i n e i n d u s t r y f i s h i n g , . m i n e r a l e x t r a c t i o n , w a s t e d i s p o s a l 
s ea bed f o u n d a t i o n s , m o o r i n g s , s c o u r 
m a r i n e e n v i r o n m e n t c o r r o s i o n , m a r i n e g r o w t h , f o u l i n g , m a r ' n e 1 i i^e. 
t i d a ! d i s r u p t i o n , d e b r - s 
w e a t h e r wave l o a d i n g , t i d a l s u r g e s 
a c c e s s i b i l i t y s e r v i c i n g , c o n n e c t i o n to l a n d 
" h i s l i s t ' S n o t i n t e n d e d t o be e <haus 11 v e . and i t i s r e c o g n i s e d t n a t any one : t f e 
f a c t o r s g i v e n c o u l d r e n d e r an • ; t ne ' "w i s e i d e a l s i t e u n s u i t a b ' e . Scue o o n f ' - c t s ~ a y ; e 
a v o i d e d e a s i l y , w h i l e o t h e r s , pa r t i cu l a r ' y t h o s e a s soc i a t e d w i t h t n e * i s n i n g -n.^ just ry 
and r e c r e a t i o n , c a n o n l y be • n i n i m i s e d . i n some c i r c u m s t a n c e s ' t . t i-gnt be n e c e s s a r y t o 
n e g o t i a t e f o r t h e e x l c l u s i v e u s e o f a n a r e a f o r e n e r g y e x t r a c t i o n i f s a f e o o e r a t i : - ! i s 
t o be a c h i e v e d . S p e c i f i c e n g i n e e r i n g o r o b l e m s s u c h a s s c o u r , f o u l i n g ana c o r r o s i o n nave 
b e e n s t u d i e d i n d e t a i l and s o l u t i o n s f o u n d i n t h e c o n t e x t o f t h e N o r t n Sea o i l - r a u s t r y . 
i t w o u i c be a m i s t a k e , h o w e v e r , t o t r a n s f e r t h e e c o n o m i c s a l o n g w i t h the t e c h n i c a l 
s o l u t i o n s t o t h e p r e s e n t a p p l i c a t i o n . 
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F rom t h e a r g u m e n t s a b o v e i t may be s e e n t h a t f i n a l s i t e s e l e c t i o n w i l l be an i n v o l v e a 
p r o c e s s i n c l u d i n g c o n s i f l e r a t i o n s o f a t e c h n i c a l , e c o n o m i c , p o l i t i c a l and s o c i a l n a t u r e . 
C o m m i t n i e n t t o a p a r t i c u l a r s i t e a t t h i s s t a g e w o u l d be i n a d v i s a b l e , a s t o o g r e a t a d e p -
e n d e n c e w o u l d t h e n be p l a c e d on t h e c o i n c i d e n c e o f a l l o t h e r f a c t o r s a f f e c t i n g f i n a l 
s i t e s e l e c t i o n b e i n g s i m u l t a n e o u s l y s a t i s f i e d . The a i m a t t h i s s t a g e i s t o i d e n t i f y 
t h e c h a r a c t e r i s t i c s o f a r e a s In w h i c h s a t i s f a c t o r y s i t e s may e v e n t u a l l y be l o c a t e d . 
F o r e x a m p l e , t h e e x t e n t o f t h e t i d a l e d d i e s o f f o p p o s i t e c o s a t s o f A l d e r n e y mane a v a i l -
a b l e a number o f s i t e s w h i c h w h i l s t d i f f e r i n g i n d e t a i l e d b e h a v i o u r d i s p l a y g e n e r a l 
c h a r a c t e r i s t i c s wnch f a v o u r t i d e m i l l s c h e m e s . M o d e l l i n g t e c h n i q u e s b e i n g d e v e l o p e d 
w i l l a l l o w t h e p r e s e n t a t i o n o f r a n g e s o f p o s s i b l e d e v i c e p e r f o r m a n c e t h r o u g h o u t t h i s 
a r e a . T h e s e r a n g e s t h e n f o r m a l o a i c a l p a r t o f t h e i n f o r m a t i o n r e q u i r e d f o r d e t a i l e d 
s i t e a s s e s s m e n t a n d I n v e s t m e n t a p p r a i s a l . 
3 . OUTPUT 
A f i r s t e s t i m a t e o f t h e p o w e r a v a i l a b l e f o r e x t r a c t i o n a t a p a r t i c u l a r s i t e c a n be 
o b t a i n e d f r o m n e a r s u r f a c e c u r r e n t d a t a f r o m A d m i r a l t y c h a r t s and a t l a s e s . The e s t i m a t e 
i s p r o g r e s s i v e l y r e d u c e d b y t h e i n t r o d u c t i o n o f v a r i o u s f a c t o r s u n t i l a w o r k i n g e s t i m -
a t e o f mean p o w e r e x t r a c t a b l e I s o b t a i n e d I n t h e f o r m 
A s s i g n m e n t o f v a l u e s t o t h e s e f a c t o r s h a s b e e n d i s c u s s e d e l s e w h e r e (2) b u t t y p i c a l 
f i g u r e s m i g h t be u = 0 . 2 5 , '< = 0 . 4 2 4 f o r s i n u s o i d a l s e m i d i u r n a l f l o w a n d Kn t y p i c a l l y 
0 . 5 ' . A s s u m i n g u n i f o r m f l o w O v e r t h e i n t e r r u p t e d f l o w o f a s i m p l e a x i a l f l o w a e v i c e , 
t h e v a r i a t i o n o f .-aximum powe r o u t p u t w i t h d e v i c e d i a m e t e r may Oe c a l c u l a t e d f o r a 
r a n g e o f s t r e a m v e l o c i t i e s a s g i v e n i n F i g . i . i t s h o u l d be n o t e d t h a t r a t e d p o w e r 
w o u l d g e n e r a l l y be l o w e r t h a n maximum p o w e r . 
The n o r i j o n t a i v a r i a t i o n i n t i d a l s t r e a m v e l o c i t y c ' s a r l y a f f e c t s t h e o u t p u t d e p e n d i n g 
on t h e s i t e and d e v i c e e m p l o y e d . T i d a l s t r e a m s i n '.• w a t e r s a r e p r e d o m i n a n t l y s e m i -
d i u r n a l in c h a r a c t e r a n d d u r i n g a t i d a l c y c l e t h e t ? o f t h e s t r e a m v e c t o r d e s c r i b e s 
a o a t h w h i c h may v a r y w i d e l y b e t w e e n s i t e s , ' h i s i s d e s c r i b e d by G e o r g e a n d E v a n s ( 3 ) 
i n d two e x t r e m e s are c i r c u l a r a n d r e c t i l i n e a r w i t h - a n y s h a p e s in b e t w e e n w h i c h c a n 
rjf.sri be a p p r o x i m a t e d b y an e l l i p s e . The d e v i a t i o n -rom t h e s e b a s i c s h a p e s r e p r e s e n t s 
d i s t o r t i o n o f t h e s t r e a m by a v a r i e t y o f g e o p h y s i c a l e f f e c t s . 
E > t r a c t i o n d e v i c e s m u s t be s p e c i f i e d w h i c h r e l i a b l y e x t r a c t t h e x a x i i u m e n e r g y a v a i l -
a b l e a t a p a r t i c u l a r s i t e a t an a c c e p t a b l e c o s t . To i l l u s t r a t e the v a r i a t i o n in e n e r g y 
c a p t u r e f o r d i f f e r e n t t i d a l s t r e a m s c o n s i d e r t h e v a r i a t i o n f r o m ' • e c t H ' n e a r t o c i r c u l a r 
s t r e a m v i a a s e r i e s o f e l l i p s e s . The v a r i a t i o n in e n e r g y e x t r a c t e d ' o y a f i x e d n o r l z o n -
t a l a x ' 3 t u r b i n e a l i g n e d w i t h t h e maximum s t r e a m a s a ' V a c t i o n o f t o t a i s t r e a m e n e r g y i s 
i l l u s t . a t e d I n F i g . 2 . F o r a r e c t i l i n e a r s t r e a m a l l t h e energy i s a v a i l a b l e t o a b i -
d i r e c t i o n a l t u r b i n e , r e d u c i n g t o a b o u t 43-'; f o r a c i r c u l a r s t ream. A number o f i o t i o n s 
e x i s t t o a c c o m o d a t e c i r c u l a r s t r e a m s : 
a d a p t a h o r i z o n t a l a x i s m a c h i n e t o f o l l o w t h e s t r e a m ; 
e x t r a c t o n y a p r o p o r t i o n o f t h e e n e r g y a v a i l a b l e ; 
s e l e c t a v e r t i c a l a x i s r o t o r ; 
a b a n d o n t h e s i t e . 
The c h o i c e o f o p t i o n i s i n v o l v e d a n d w o u l d r e g u i r e a c o i r . o a r - s o n :•' t n e c o s t s ; f e a c h 
o p t i o n w i t h t h e v a l u e o f t h e a d d i t i o n a l e n e r g y e < t r a c t e d . The ' a s t DOt ion , t o a o a n a c n 
t h e s i t e , m i g h t p r o v e a t t r a c t i v e i f t h e a i m were t o c e p l r y a s t a n a a r a t e c h n o l o g y a t a 
number o f s i t e s . 
A p o t e n t i a l s i t e a b o u t 2 <m o f f t h e no r th c o a s t o f J e r s e y 5<n':bit3 a s t r e a m wnicn 
•'or d e s i g n p u r p o s e s c a n be c o n s i d e r e d r e c t i l i n e a r . H a r m o m c a n a l y s i s o f t h e t i d a l 
s t r e a m d i a m o n d a t t h i s p o i n t 4 9 : 1 5 . 3 f l , 0 2 : 0 3 . O w j shows tnat a b o u t ^-^ o f t n e e n e r g y 
p r e s e n t i s a t t h e s e m i d i u r n a l f r e q u e n c y a n d t n a t t h e c o n s t i t u e n t e l i i o s e n a s a n e l l ' O -
t i c i t y o f 0 . 0 5 5 . C l e a r l y from F i g . 3 c l a s s i f i c a t i o n of t h i s s t r e a m as r e c t i l i n e a r i s 
j u s t i f i e d . 
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4. ECONOMICS 
The e s s e n c e o f a n e c o n o m i c a s s e m e n t o f a r e n e w a b l e e n e r g y t e c h n o l o g y i s a c o m p a r i s o n 
b e t w e e n t h e e x p e c t e d c o s t s o f o w n i n g a n d u s i n g a n e x t r a c t i o n d e v i c e and t h e e x p e c t e d 
v a l u e o f t h e o u t p u t . F o r m o s t r e n e w a b l e t e c h n o l o g i e s t h e l a r g e s t c o n t r i b u t i o n t o w a r d s 
t h e c o s t i s t h e i n i t i a l c a p i t a l o u t l a y . The v a l u e o f t h e t e c h n o l o g y d e r i v e s f r o m t h e 
s a v i n g s i n c o n v e n t i o n a l f u e l c o s t s t o g e t h e r w i t h a n y c a p i t a l a n d r u n n i n g c o s t c n a n g e s 
i n t h e m o d i f i e d s u p p l y s y s t e m . 
A b a s i c a p p r o a c h t o v a l u e / c o s t c o m p a r i s o n h a s b e e n a d a p t e d f o r t h e p r e s e n t p u r p o s e . 
The v a l u e o f t h e p r o j e c t t o t h e e n d u s e r i s a s s u m e d t o be t h e v a l u e o f c o n v e n t i o n a l 
f u e l d i s p l a c e d o v e r t h e l i f e o f t h e s c h e m e . A b e n e f i t ' v a l u e ) / c o s t r a t i o o f u n i t y 15 
a s s u m e d ; t h a t i s t h e scheme Is t a k e n t o be j u s t a c c e p t a b l e as a n i n v e s t m e n t i f t h e - u e l 
r e p l a c e m e n t v a l u e i s t a k e n as a t a r g e t c o s t f o r d e p l o y i n g t h e t e c h n o l o g y . 
In c a l c u l a t i n g p r e s e n t v a l u e s a c c o u n t h a s t o b e t a k e n o f t h e o p p o r t u n i t y c o s t o f c a p i t -
a l ; t h a t i s w h a t t h e c a p i t a l m i g h t e a r n i n o t h e r I n v e s t m e n t s . To t a k e a c c o u n t o f t h e 
t i m e v a l u e o f money a r e a l r a t e o f r e t u r n on c a p i t a l o f S% has been a s s u m e d , a n d a t e s t 
d i s c o u n t r a t e o f S i , has b e e n u s e d i n l i n e w i t h t h a t a d v o c a t e d b y HM T r e a s u r y - o r u s e i n 
a s s e s s i n g p r o o o s e d i n v e s t m e n t i n t h e p u b l i c s e c t o r . I t s h o u l d be n o t e d t h a t an e n d u s e r 
may s e l e c t a h i g n e r TOR, o f t e n b y p r e f e r r i n g a p a y b a c k p e r i o d s h o r t e r t h a n t h e l i f e o f 
t h e p l a n t . T h i s I s n o t u s u a l l y c o n s i d e r e d t o be a s u i t a b l e m e t h o d f o r e n e r g y s u p p l y 
p r o j e c t s !,4) a s i t f a i l s t o a c c o u n t f o r t h e b e n e f i t f r o m t h e p r o j e c t w h i c h c o n t i n u e s 
a f t e r t h e p a y b a c k t i m e . V a r i a b l e p a y b a c k t i m e s h a v e , h o w e v e r b e e n i n c l u d e d b e c a u s e o f 
t h e i r p o p u l a r i t y e s p e c i a l l y w i t h p r i v a t e i n v e s t o r s . 
E s t i m a t i n g t h e v a l u e o f f u e l r e p l a c e d r e q u i r e s a j u d g e m e n t t o be made r e g a r d i n g f u t u r e 
p r i c e s o f c o n v e n t i o n a l f u e l s . In t h e p r e s e n t s t u d y p o t e n t i a l u s e r s h a v e e n e r g y e c o n o m -
i e s l a r g e l y d e p e n d e n t on i m p o r t e d o i l . B e c a u s e o f u n c e r t a i n t i e s s u r r o u n d i n g f u t u r e o i l 
p r i c e s t h r e e s e p a r a t e v i e w s o f t h e f u t u r e h a v e b e e n c o n s i d e r e d . The d e s c r i p t i o n o f a l l 
a s p e c t s o f t h e t h r e e s c e n a r i o s as a p p l i e d t o t h e UK i s i n v o l v e d ( 5 ) a n d d e t a i l s r e l e v -
a n t t o t h e p r e s e n t wo rk h a v e a l r e a d y b e e n d i s c u s s e d [Z . T h e i r t r a n s l a t i o n i n t o u n i f o r m 
r a t e s o f f u e l p r i c e i n c r e a s e o v e r t n e n e x t 25 y e a r s a r e c a s e I 2 0 0 * f u e l p r i c e r i s e , 
c a s e II 1 0 0 ' . r i s e , c a s e I I I SO " r i s e . 
' •Q p r o c e e d to an e s t i m a t e o f t h e f u e l d i s p l a c e d u n d e r t h e a b o v e a s s u m p t i o n s i t i s 
n e c e s s a r y t o a s s u m e c e r t a i n a s p e c t s o f t h e e x t r a c t i o n t e c h n o l o g y i n o r d e r t o g i v e an 
a n n u a ! p r o d u c t i v i t y . T h i s i s a c h i e v e d b y u s i n g a p l a n t f a c t o r , w h i c h i s a m e a s u r e o f 
t n e a n n u a l e n e r g y e x t r a c t e d c o m p a r e d t o t h e r a t e d a n n u a l o u t p u t o f the o l a n t . -ro.T 
e s t i m a t e s o f o u t p u t g i v e n a b o v e , a n d b y a n a l o g y -rom o f f s n o r e w i n d c o s t i n g s ' 5 ) , a 
w o r k i n g v a l u e o f 0 . 3 has b e e n u s e d , t o g e t h e r «i-th j p l a n t ' i f e o f 25 y e a r s . B a s o d jin 
t h e s e a s s u m p t i o n s a r a n g e o f i n v e s t m e n t l e v e l s c a l c u l a t e d f o r r l i f f e r e n t p r e s e n t f u e ' 
p r i c e s , n g e t h e r w i t h a c o n v e r s i o n f r o m c a p i t a l o u t l a y t o a n n u a l i s e a e n e r g y c o s t , 
a r e p r e s e n t e d i n F i g . 4. Some i n i t i a l r e s u l t s f o r t h e C h a n n e l I s l a n a s h a v e r e c e n t l y 
b e e n o r e s e n t e d ( 6 ) , 
•""idal s t r e a m s I f e x p l o i t e d as o u t o f p h a s e p a i r s g i v e r i s e t o a p o t e n t i a l c o n t r i b u t i o n t o 
c a p a c i t y c r e d i t a n d t h i s m u s t be a l l o w e d f o r i n t h e f i n a l a s s e s s m e n t . The c o n t r i b u t ' o n 
to c a p a c i t y o f a s y s t e m made b y a p a r t i c u l a r p l a n t d e p e n d s on i t s a b i l i t y t o p r o v i d e 
p o w e r u n d e r c o n d i t i o n s o f peak d e m a n d . In p r i n c i p l e t h i s d e f i n i t i o n a p p l i e s e q u a l l y t o 
c o n v e n t i o n a l and r e n e w a b l e p l a n t a s n e i t h e r i s a l w a y s a v a i l a b l e , '^he d i f f e r e n c e o e t w e e n 
t h e c o n t r i b u t i o n t o c a p a c i t y made by c o n v e n t i o n a l and r e n e w a b l e p l a n t i s one o f d e g r e e 
r a t h e r t h a n k i n d ' 7 ) , 
' h e c o n t r i b u t i o n made t o c a p a c i t y b y a r e n e w a b l e i s t a k e n t o be t h e d i f f e r e n c e b e t w e e n 
t h e c a p a c i t y o f t h e c o n v e n t i o n a l p l a n t r e q u i r e d t o .meet s y s t e m s e c u r i t y w i t h a n d w i t h -
o u t t h e r e n e w a b l e i n t h e s y s t e m . In o r d e r f o r a r e n e w a b l e t o c o n t r i b u t e t o f i r m p o w e r 
t n e demand m u s t I n c r e a s e o r o l d p l a n t be r e p l a c e d , o t h e r w i s e t n e r e n e w a b l e s e r v e s o n l y 
t o r e d u c e c o n v e n t i o n a l f u e l c o s t s . 
To e v a l u a t e t h e c o n t r i b u t i o n t o f i r m p o w e r f u t u r e d e v e l o p m e n t s i n the p a t t e r n o f demand 
m u s t be d e f i n e d . C l e a r l y i t i s n o t p o s s i b l e a t t h i s s t a g e t o p r e d i c t t h e p a t t e r n o f 
u s a g e o f t i d e m i l l s . H o w e v e r , t h e u s e o f o u t o f p h a s e t i d a l s t r e a m s w o u l d i n c r e a s e t h e 
t i m e d u r i n g t h e demand c y c l e when a t i d e m i l l w o u l d c o n t r i b u t e t o the s y s t e m , and h e n c e 
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i n c r e a s e t h e p r o p o r t i o n o f t i m e when i t i s l i k e l y t o c o n t r i b u t e t o m e e t i n g p e a k d e m a n d . 
U n d e r t h e s e c i r c u m s t a n c e s t h e e c o n o m i c s o f t i d e m i l l s w o u l d b e e n h a n c e d . T h i s c o n t r a s t s 
f a v o u r a b l y w i t h o t h e r r e n e w a b l e s w h o s e o u t p u t i s s t o c h a s t i c , when a n I n c r e a s e In t h e 
number o f u n i t s d e p l o y e d w o u l d n o t n e c e s s a r i l y a l t e r t h e l i k e l i h o o d o f t h e i r o u t p u t 
c o i n c i d i n g w i t h p e a k d e m a n d . 
A t a more a d v a n c e d s t a g e a r e a s s e s s m e n t o f t h e e c o n o m i c s w o u l d be c a r r i e d o u t a n d t h e 
t i m e s c a l e f o r e c o n o m i c d e p l o y m e n t f o r a g i v e n u s e r e s t a b l i s h e d . The f u e l r e p l a c e m e n t 
e c o n o m i c s p r e s e n t e d a b o v e a r e s e e n as a n a i d t o e s t a b l i s h i n g t h e p o t e n t i a l o f t h e r e s -
o u r c e . A f u l l e r a n a l y s i s w o u l d f o l l o w on s e r i o u s c o n s i d e r a t i o n o f a p a r t i c u l a r s i t e . 
5. TECHNOLOGY 
A c o m p l e t e e x t r a c t i o n t e c h n o l o g y d o e s n o t e x i s t , b u t i t i s c o n s i d e r e d t h a t a n y s cheme 
w o u l d c o m p r i s e e s s e n t i a l l y s t a n d a r d e n g i n e e r i n g c o m p o n e n t s a n d s u b - s y s t e m s a l b e i t 
e m p l o y e d i n an u n c o n v e n t i o n a l w a y . S o l u t i o n s t o I d e n t i f i a b l e e n g i n e e r i n g a n d e n v i r o n -
m e n t a l h a v e b e e n s o u g h t f r o m e s t a b l i s h e d o f f s h o r e a c t i v i t i e s . Each t i d e m i l l I s e n v i s -
a g e d as b e i n g o f m o d e s t o u t p u t (20CKW - IMW) a n d t h e g e n e r a l c o n f i g u r a t i o n o f t h e m i l l s 
p r o p o s e d I s shown In F i g . 5. 
The s y s t e m Is s u b - d i v i d e d u n d e r a number o f h e a d i n g s , e a c h i d e n t i f y i n g a t e c h n o l o g i c a l 
a s p e c t o r c o s t a r e a f o r c o n s i d e r a t i o n . The s u b - d i v i s i o n i s g i v e n I n T a b l e 1. The p r e s -
e n t w o r k i s n o t a i m e d a t s e l e c t i n g a n d d e s i g n i n g s p e c i f i c s o l u t i o n s , b u t a t d e f i n i n g 
p o s s i b l e a l t e r n a t i v e s o l u t i o n s and a s s i g n i n g c o s t i n g s t o t h e s e p o s s i b i l i t i e s . A c c o r d -
i n g l y , some a s p e c t s o f t e c h n o l o g y w h i c h r e q u i r e c o n s i d e r a t i o n f o r c o s t i n g p u r p o s e s a r e 
d i s c u s s e d b e l o w . 
l.\ R o t a t i n g e q u i p m e n t 
The o n l y u n c o n v e n t i o n a l c o m p o n e n t i n t h i s s u b - s y s t e m i s t h e r o t o r . A GRP r o t o r a n d hub 
IS e n v i s a g e d a n d d i s c u s s i o n s w i t h m a n u f a c t u r e r s i n d ' t a t e t h a t a w i d e r a n g e r a n g e o f 
b l a d e s i z e s and c o n t o u r s f o r r o t a t i o n a l s p e e d s i n t r e r a n g e 5-10 r e v . ' m i n c o u l d be c o n -
s t r u c t e d u s i n g s t a n d a r d t e c h n i q u e s . R o t o r b l a d e s , p r : ) b a b l y t h r e e , w o u l d be a s s e m b l e d 
i n t o a GRP " " i b . i t i s c l e a r t h a t w i t h t h i s r a n g e o f - o t o r s p e e d the g e a r b o x r e q u i r e d 
w i l l be s u b s t a n t i a l i f n o r m a l g e r n e r a t i n g s p e e d s a r e t o be a c h i e v e d . A r a n g e o f g e n e r -
a t o r and g e a r b o x o p t i o n s a r e u n d e r d i s c u s s i o n w i t h GEC ( 3 ) t o d e t e r m i n e a n o p t i m u m c o n -
f i g u r a t i o n , 
5 .2 N a c e l l e 
The i n t e r n a l s t r u c t u r e , f i x t u r e s a n d f i t t i n g s a r e a s s u m e d t o f o l l o w c o n v e n t i o n a l b a s e 
and end l a t e d e s i g n , t h e w h o l e b e i n g c o n t a i n e d m a s e a ' e d GSP s n e l 1 . A s p e c t s o f T i a r i n -
i s a t i o n , i n p a r t i c u l a r s e a l t e c h n o l o g y , a r e u n d e r c o n s i d e r a t i o n in c o l l a o o r a t i o n w i t h 
GEC { 8 ) . A d e b r i s s n i e l d i s a s s u m e d t o be n e c e s s a r y . 
5 . 3 . 1 S t r u c t u r e g r a v i t y b a s e 
A s i m p l e g r a v i t y b a s e a n d t o w e r h a s b e e n c o n s i d e r e d as snown i n - i g . 5. A s s u m i n g a s i t e 
i n t h e C h a n n e l I s l a n d s an e x t r e m e 50 y e a r s e a c o n d i t i o n ' s a -vave o f n e i g h t 25m a n a 
p e r i o d 1 4 s , ( 9 ) , A d e s i g n wave h e i g h t o f 20m was u s e d as t n e .raxi-num a t t a i n a b l e ' n t h e 
w a t e r d e p t h s a t t y p i c a l s i t e s . D i m e n s i o n s o f t h e s t r u c t u r e ^ers e s f i a t e d 3n t h e o a s i s 
o f z e r o t u r n i n g .moment a n a z e r o l a t e r a l f o r c e a t t n e D a s e . I i z ^ ' r o n . j i t n : t n e r ; n a ' I o w 
w a t e r g r a v i t y b a s e s t r u c t u r e s 1 0 ; t h e l a t t e r c o n d i t i : n .vas " c t s a t i s ' i e d , and a s e r i e s 
o f s i m i l a r c a l c u l a t i o n s was p e r f o r m e d t o e s t a b ' i s n t h e o e s t a c - p r - x i m a 1 1 c n . " h e c o s t ;•-
p r e v e n t i n g l a t e r a l movement was t h e n i n c l u d e d i n a - ' a c t z r ' I J ' . '.I p r a c t i c a l t e r m s t h e 
t e n d e n c y f o r l a t e r a l iTiovement o f t h e s t r u c t u r e i s o v e r c o m e 3n s a n d and g r a v e ' s e a b e d s 
by t h e a d d i t i o n o f a s k i r t w n i c h p e n e t r a t e s t h e s e a b e d a n a - n c r e a s e s t h e e f - ' e c t ' v e 
w e i g h t o f t h e s t r u c t u r e \ a 2m s k i r t was ' o u n d t o oe a d e q u a t e i n t h i s c a s e ' ano on 
r o c k s e a b e d s by t h e u s e o f g r o u t e d r o c k a n c h o r s t e n s i o n i n g t h e oa se t o t h e s e a b e d . 
5 . 3 . 2 S t r u c t u r e m o n o p i l e 
Two v a r i a t i o n s a r e e n v i s a g e d , d e p e n d i n g on t h e g e o t e c h n i c s o f t h e s i t e . B o t h a r e 
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i U u s t r a t e d i n F i g . 5. One i s c o n v e n t i o n a l l y p i l e d i n t o t h e s e a b e d w h i l e t h e o t h e r 
b e a r s on t h e s e a b e d and i s s u p p o r t e d b y t e n s i o n e d c a b l e s t o r e m o t e a n c h o r s . In t n e 
a b s e n c e of p r e c i s e g e o t e c h n i c a l d a t a i t I s n o t p o s s i b l e t o e s t i m a t e t h e s i z e o f mono-
p i l e r e q u i r e d w i t h r e a l c o n f i d e n c e , b u t s i m p l e c o n s i d e r a t i o n s i n d i c a t e p i l e d i a m e t e r s 
l e s s t h a n 2m. W i t h t h i s s i z e o f p i l e i n s t a l l a t i o n c a n be a c h i e v e d u s i n g e x i s i t i n g 
t e c h n i q u e s . 
i t I s r e c o g n i s e d t h a t many t e c h n i c a l d i f f i c u l t i e s e x i s t and t h a t the r e a l i s a t i o n o ' 
t i d e m i l l s c h e m e s w i l l n o t be s t r a i g h t f o r w a r d . worl< t o d a t e , h o w e v e r , i n d i c a t e s t n a t 
s o l u t i o n s t o e n g i n e e r i n g p r o b l e m s do e x i s t w i t h i n e x i s t i n g t e c h n o l o g y . 
6 . COST I.% 
An e s t i m a t e o f t h e l i k e l y c o s t o f t h e t e c h n o l o g y i s r e q u i r e d f o r c o m p a r i s o n w i t h d e r i v -
ed t a r g e t c o s t s p r i o r t o a d e c i s i o n t o i n v e s t e i t h e r i n a p r o t o t y p e scheme o r a f u l l 
d e s i g n s t u d y . I t i s c l e a r t h a t o b t a i n i n g s u c h e s t i m a t e s i s f r a u g h t w i t h many u n c e r t a i n -
t i e s . An a p p r o p r i a t e l e v e l o f s y s t e m s p e c i f i c a t i o n m u s t be a c h i e v e d t o b a l a n c e t h e c o n -
f l i c t i n g n e e d s o f nax i- rum i n f o r m a t i o n a b o u t l i k e l y c o s t s and m i n i m u m c o n s t r a i n t on t h e 
s y s t e m , ^he t e m o t a t i o n t o d e s i g n i n d e t a i l t o o v e r c o m e o b v i o u s t e c h n i c a l d i f f i c u l t i e s 
h a s t o be a v o i d e d as s u c h a p r o c e s s - j ou ld l e a d t o i n d i v i d u a l c o s t e s t i m a t e s m o r e a c c u r -
a t e t h a n r e q u i r e d a t t h e e x p e n s e o f t h e d e v e l o p m e n t o f a c o h e r e n t c o s t i n g s t r u c t u r e . 
I t was w i t h t h i s l a s t c o n s i d e r a t i o n i n m i n d t h a t a n e a r l y d e c i s i o n on how t o a p p r o a c h 
t h e p r o b l e m o f s y s t e m s p e c i f i c a t i o n and c o s t i n g was m a d e . C o s t e s t i m a t e s f o r t h e r e n e w -
a b l e t e c h n o l o g i e s i n t h e JK h a v e u s u a l l y o e e n made b y u n d e r t a k i n g s y s t e m d e s i g n f r o m 
w h i c h e s t i m a t e s n a v e b e e n p r e p a r e d f o r l a b o u r , m a t e r i a l , c o n s t r u c t i o n , i n s t a l l a t i o n , 
c o m m i s s i o n i n g ana o c e r a t i o n a l t a s k s . T h i s p r o c e s s , s o m e t i m e s t e r m e d b o t t o m up e s t i m a t -
i n g , nas t h e d i s a d v a n t a g e t h a t f o r a c c u r a t e r e s u l t s a v e r y d e t a i l e d d e s i g n s t u d y i s 
r e q u i r e d , i n g e n e r a ' , s u c h s t u d i e s a r e t i m e c o n s u m i n g and e x p e n s i v e , a n d i t w o u l d be 
d i f f i c u l t t o j u s t ' f y s u c h an a o p r o a c h w i t h t h e p r e s e n t r e s o u r c e s . An a l t e r n a t i v e a p p -
r o a c n i s c o s t n o d e i l i n g , w n e r e s e l e c t e d c h a r a c t e r i s t i c s ) f a p r o j e c t a r e u s e d d i r e c t l y 
t o y i e l d c o s t s , r e m o v i n g t n e need fo '- d e t a i l e d d e s i g n . l u c h m e t h o d s a r e s o m e t i m e s t e r m -
ed t o p d o w n . C h a r a c t e r i s t i c s w h i c h a r e c o n s i s t e n t l y r e l a t e d t o one o r m o r e s y s t e m s o r 
c o m p o n e n t s , s u c n a s w e i g h t o r p o w e r o u t p u t , c a n be u s e d t o o b t a i n o r d e r o f m a g n i t u d e 
c o s t s r e l a t i v e l y o u i c k l y ' r o m a s e n s i b l e m i n i m u m o f i n o u t d a t a ( 1 1 ) , 
' h e T e t h o d o f c o s t i n g a d o p t e d i n t h i s s t u d y h a s b e e n e s s e n t i a l l y top down and ' e s o r t s 
t o ! •Til t e d n u r o e r - n a n u f a c t u r e r s e s t i m a t e s , .-.here s u c h e s t i m a t e s have b e e n s o u g n t . i i i d 
- r a n g e o r r e p r e s e n t a t i v e s y s t e m s p e c i f i c a t i o n s nave been e m p l o y e d . Such an a p o r o a c n -'s 
n o t s i t e s p e c i f i c and t h e a i m i s t c c o m p a r e I ' k e l y c o s t s on t y p i c a 1 . s i t e s w i t h t a r g e -
c o s t s . The p r o c e d u r e w i l l t h e n i n a i c a t e w h i c h a s p e c t s o f t h e s y s t e m a r e .most c a o ' t a l 
i n t e n s i v e , o r s e n s i t i v e , and w h i c h may r e q u i ' ^ e more d e t a i l e d c o n s i d e r a t i o n . 
U s i n g t h e t e c h n i q u e o u t l i n e d a b o v e , a c o s t i n g nas b e e n p r o d u c e d f o r two O.-.fM t i d e - i l l 
u n i t s o p e r a t i n g i n 2 , 5 m / s e c s t r e a m v e l o c i t y a n d i n s t a l l e d a t t h e same t i m e , " h e r e s u l t s 
a n a s o u r c e s o f i n f o r m a t i o n a r e g i v e n i n T a b l e 2 . 
I L L U S T R A T I V E EXAMPLE 
-s an e x a m p l e c o n s i d e r t h e c a s e o f - i d e r n e y . The I s l a n d c u r - e n t i y u s e s d i s t i l l a t e - ' j e l 
d i e s e l g e n e r a t o r s and h a s a f u e l c o s t ' 1 2 , 2 ; o f A , ^ 9 p/KWh, A o o t e n t i a l u s e r on - \ : e ' - -
l e y w o u l d d e c i d e on a v i e w o f t h e f u t u r e and p a y b a c k o e r - o a r e q u i r e d , s a y c a s e I and 
15 y e a r s . F i g , 4a i s t h e n u s e d t o g i v e ? . 3 p/KWh as t h e v a l u e o f a ' e n e w a d ' e ana 
Ad i s u s e d t o t u r n t h i s i n t o an a l l o w a b l e c a p i t a l i n v e s t m e n t o f £2100/KW, " a o l e 2 snows 
a l i k e l y i n s t a l l e d c o s t t o be £1 '30/KW, g i v i n g a r e s e r v e " 'or c o n t i n g e n c i e s . E v - o e n t ' y 
a m o r e d e t a i l e d s t u d y w o u l d oe j u s t i f i e d i n t h i s c a s e , e s p e c i a l ' y as t h e r e i s t h e DOSS-
i b i l i t y o f a c o n t r i b u t i o n to f i r n o o w e r i n A l d e r n e y w i t h t h e two u n i t i n s t a l l a t i o n 
p r o p o s e d . 
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3. CONCLUSIONS 
The t i d a l r e sou rce p r e sen t s i t s e l f under th ree d i s t i n c t se t s o f c o n d i t i o n s each o f 
which sugges ts a p a r t i c u l a r t e chno logy f o r energy e x t r a c t i o n . One o f these i s t i d e m i l l 
t e chno logy wich is l a r g e l y undeve loped but c o u l d p robab l y be dep loyed w i thou t any major 
t e c h n o l o g i c a l advance. C o n s i d e r a t i o n o f t i d a l c h a r a c t e r i s t i c s suggests that a t head land 
s i t e s a c o n t r i b u t i o n to f i r m power would be p o s s i b l e . 
S imple economic arguments have been used to deve lop a range o f t a rge t investment c o s t s 
wh i l e a c o s t i n g techn ique has been o u t l i n e d which is independent o f d e t a i l e d d e s i g n 
and i s used to i d e n t i f y a spec t s of the t ecnno iogy which are l i k e l y to r e q u i r e more 
d e t a i l e d s tudy . 
C o n s i d e r a t i o n of the p o t e n t i a l ma rke t , in p a r t i c u l a r in the Channel I s l a n d s , has snown 
that f u r t h e r work c o u l d lead to the b e n e f i c i a l deployment o f t i d e m i l l s under some 
economic f u t u r e s . 
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•ASSESSMENT OF T I D A L STREAMS AS AN ENERGY RESOURCE 
P.R. C a v e . E.M. E v a n s , D e p a r c m e n c o f M e c h a n i c a l E n g i n e e r i n g 
'< . J . G e o r g e , O e p a r c r a e n c o f M a r i n e S c i e n c e 
P l y r n o u c h P o l y t e c h n i c 
INTRODUCTION 
The w o r k d e s c r i b e d i n c h t s p a p e r f o r m s c h e 
l a c c e r p a r e o f a a c u d y i n t o c h e f e a s i b t l i c y o f 
o b c a i n i n g e n e r g y f r o o c l d a l s c r e a m s . T h e w o r k 
h a s b e e n d i r e c c e d c o w a r d s c h e n e e d s o f 
i s o l a t e d c o m m u n l c i e a w h o s e e c o n o m i e s a r e 
e s s e n c i a l l y d e p e n d e n c on i a p o r c e d e n e r g y 
s u p p l i e s , a n d c o w a r d s c h e C h a n n e l I s l a n d s i n 
p a r c i c u l a r . 
P r e l i m i n a r y a n a l y s i s b a s e d o n s i m p l i f i e d 
e c o n o m i c s h a s r e s u l c e d I n r a n g e s o f f u e l 
r e p l a c e m e n c v a l u e s f o r e a c h o f c h e m a i n 
i s l a n d s ( J e r s e y . G u e r n s e y , A l d e r n e y ) u n d e r 
: h r e e f u c u r e f u e l p r i c e s c e n a r i o s ( C a v e a n d 
E v a n s , ( 1 ) > . T h e s e v a l u e s w e r e Chen u s e d a s a 
g u i d e CO p o s s i b l e i n v e s t m e n c l e v e l s i n c h e 
e x c r a c c i o n t e c h n o l o g y , d e p e n d e n c on c h e 
i n p o s e d p a y b a c k p e r i o d s . 
A c o s c i n g e x e r c i s e b a s e d o n a c o p down 
a p p r o a c h , a n d a n o u c l l n e d e s i g n , p r o d u c e d a n 
o r d e r o f a a g n i c u d e c o s c f o r a p a i r o f d e v i c e s 
i n s c a l l e d a c a d j a c e n c s i c e s o f 11800/ICW ( C a v e 
and E v a n s , i.( 2 ) ) , a n d c h i s p r o v e d co b e 
p o c e n c i a l l y a c c r a c c l v c I n a s m a l l n u m b e r o f 
c a s e s . 
The c e c h n i c a l p r o b l e m s w i c h c h e c o n s c r u c c i o n 
a n d o p e r a c l o n o f c i d a l s c r e a m g e n e r a c o r s seem 
l a r g e l y c o h a v e b e e n o v e r c o m e i n che c o n c e x c 
ot :he o f f s h o r e o i l i n d u a c r y . a n d c h e r e seems 
' . I c c l e d o u b c c h a c s u c h d e v i c e s c o u l d b e 
i n s c a l l e d a n d o p e r a c e d . T h e p r o b l e m r e m a i n s 
•*:ch c h e e c o n o m i c s . To g a i n f u r c h e r i n s i g h c 
LT.co c h i s a s p e c c i c i s f i r s c n e c e s s a r y c o 
e x a n i n e che n a c u r e o f che r e s o u r c e m o r e f u l l y . 
T h r o u g h o u t che a b o v e , che a s s u m p t i o n c h a c 
s u i c a b l e s c r e a m s e x i s c h a s b e e n c e n t r a l , a n d 
c h e r e is a m p l e e v i d e n c e c h a t c i d a l s c r e a m s 
v L c h s u f f i c i e n c maximum v e l o c i c l e s o c c u r t n 
che N o r : n a n o - B r e c o n G u l f . T h e d l f f t c u l c y 
r e m a i n s i n l o c a t i n g s u c h s c r e a m s , e s c a b l i s h i n g 
c h e i r c h a r a c t e r i s t i c s , p r e d i c c i n g t h e i r 
s e h a v i o u r o v e r a r e a s o n a b l e l e n g t h o f t i m e , 
a n d d e c e r a i n i n g w h a c I n f l u e n c e t h e s e r e s u l c s 
m i g h c h a e o n c h e c e c h n o l o g i c a l c h o i c e s . I n 
a d d i c i o n , c h e m e r l e s o f p a r t i c u l a r s i c e s h a v e 
:o be a s s e s s e d I n c c r m a o f che p o w e r s u p p l y 
s y s t e m s o f c h e e n d u s e r s . I t I s t h e a p p r o a c h 
:o : h L s s e c o f p r o b l e m s w h i c h i s d i s c u s s e d 
be l o w . 
HORIZONTAL STRUCTURE OF T I D A L STREAMS 
T i d a l S t r e a m D i a m o n d s 
T i d a l s t r e a m d a t a f o r p a r c t c u l a r l o c a t i o n s , 
i d e n c i f l e d b y t i d a l s t r e a m d i a m o n d s , a r e 
p r e s e n t e d o n A d m i r a l t y c h a r e s a s c a b l e s o f s e c 
a n d mean s p r i n g r a c e f o r I n t e g e r h o u r s b e f o r e 
a n d a f t e r h i g h w a c e r a t a r e f e r e n c e p o r t . F o r 
some a r e a s , a c l a s e s a n d h a n d b o o k s h a v e b e e n 
c o m p i l e d , f o r e x a m p l e N P 2 6 ^ ( 3 ) a n d W a r b u r g 
w h i c h p r e s e n c a q u a l t c s c i v e p i c t u r e o f 
c h e s u p p o s e d s t r e a m b e t w e e n c h e d i a m o n d s . 
T h e s e d o c u m e n t s , w h i l s t v a l u a b l e i n 
i d e n t i f y i n g f e a t u r e s o f t n c e r e s c . do n o c a l l o w 
c h e c o n t i n u o u s and d e c a i l e d p r e d i c t i o n o f 
c t d a l s c r e a m s r e q u i r e d f o r e n e r g y a s s e a a m e n c 
T i d a l s c r e a m d i a m o n d s a c 1 0 ^ l o c a c i o n s o n c h e 
UK s h e l f h a v e b e e n e x a m i n e d I n c e r m s o f c h e 
p a r a m e c e r s d e s c r i b i n g c h e c o n c r l b u c l o n t o t h e 
s c r e a m a c c h e m a j o r a e m l - d l u r n a l f r e q u e n c y 
( i . e . l u n a r s e o l - d l u r n a l ) a n d l e s f l r s c cwo 
h a r m o n i c a . I c was shown t h a t I n a r e a s o f 
I n e e r e s c a d j a c e n t c o h e a d l a n d s a n d s i m i l a r 
f e a c u r e s , p r e d i c t i o n s u s i n g s t a n d a r d o e t h o d s , 
f o r e x a m p l e G l e n (S), c a n l e a d Co s e r i o u s 
d l f f I c u l c l e s . T h e s e a r l a e f r o m c h e i n c o r r e c c 
c r e a c m e n c o f e x c e s s s c r e a m , w h i c h I s c h a e p a r e 
o f c h e r e s i d u a l m o c i o n w h i c h I s c l d a l l y 
d r i v e n . T h e p r o b l e m s o u e l l n e d a b o v e I n d i c a c e 
c h e n e e d f o r a new a p p r o a c h , a s s u g g e s t e d b y 
G e o r g e a n d E v a n s ( 6 ) . 
O b s e r v a c l o n s 
The n a c u r e o f e h c c l d a l s p e c c r u m i n UK w a c e r s . 
c o m b i n e d w i c h i n h e r e n e l y h i g h n o i s e l e v e l s 
a s s o c l a c e d w t c h s c r e a m m e a s u r e m e n e . l e a d s c o 
c h e n e e d f o r l o n g e r p e r i o d o b s e r v a c l o n s c o 
e x t r a c t t h e h a r m o n i c c o n s t a n t s r e q u i r e d f o r 
p r e d l c c l o n . Some p r o g r e s s c a n b e made w i t h 23 
h o u r o b s e r v a c l o n s a e s p r i n g a n d n e a p e l d e s . 
b u c 29 d a y s a r e b e t c e r , a n d 39 d a y s w o u l d be 
p r e f e r r e d i f a t a l l p o a s i b l e . A l t h o u g h a n 
i n c r e a s i n g n u m ber o f o b s e r v a t i o n s o f s u c h 
d u r a c l o n e x l s c . o b e a i n e d f r o m a u t o m a t i c 
r e c o r d i n g c u r r e n t m e c e r s , c h e e x p e n s e i n v o l v e d 
i n c h i s l e n g t h o f s u r v e y may b e p r o h i b l c i v e : a 
29 d a y s u r v e y s u r v e y ac cwo s i c e s i n c h e same 
r e g i o n w o u l d c o s e a b o u c 1 1 8 0 0 0 ( S c r i v e n s . 
( 7 ) ) . 
S i m u l a t i o n 
The a l c e r n a c i v e co s u r v e y i n ehe f i r s c 
m s c a n c e i s che u s e o f n u m e r i c a l s l m u l a c i o n . 
S u c h s c h e m e s , a s d e s c r i b e d b y H e a p s , ( 3 ) . a r e 
u s e d o n a r e g u l a r b a s i s f o r a w i d e r a n g e o f 
a p p l I c a c i o n s . 
The s i f f l u l a c i o n c o m p r i s e s c h e s o l u t i o n o f c h e 
v e r c l c a l l y i n t e g r a t e d e q u a t i o n s o f m o c i o n . 
s u b j e c c CO a p p l i e d b o u n d a r y c o n d i t i o n s a n d 
k n own h y d r a u l i c g e o m e c r y . T h e s e e q u a c i o n s c a n 
be w r i c c e n i n c h e f o r a : 
fy ii I'"-"^ \ •»{"'•"'• \ • ° 
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w h e r e che s y m b o l s a r e d e f i n e d as s e c o u c 
b e l o w . 
t c i n e c o o r d l n a c e 
g.v o r c h o g o n a l c o m p o n e n c s o f 
h o r I z o n c a 1 v e l o c i c y 
x.y h o r i z o n t a l s p a c l a l c o o r d l n a c e s 
< s u r f a c e e l e v a c l o n 
h w a c e r d e p c h f r o o u n d l s c u r b e d 
f r e e s u r f a c e 
2w«in« c h e g e o s c r o p h l c c o e f f l c l c n c a c 
l a c l c u d e 0 
k c o e f f i c i e n t o f b o c c o o f r i c c l o n 
A c o e f f l c l e n c o f h o r i z o n c a l e d d y 
v i s c o s l c y 
The n u m e r i c a l s c h e m e a d o p t e d i s e s s e n c i a l l y 
c h a c o f P i n g r e e a n d M a d d o c J c , ( 9 ) . 
G r i d S p a c i n g 
The g r i d s p a c i n g r e q u i r e d f o r c h e p r e s e n t 
p u r p o s e i s f i n e r c h a n c h a c i n g e n e r a l u s e f o r 
r ^ o d e l L l n g t i d e s i n s h e l f s e a s . ? o r e x a n p l e , 
P i n g r e e a n d M a d d o c k ( 1 0 ) r e c e n t l y u s e d a I 
n a u t i c a l m i l e m e s h i n a s t u d y o f t h e w a t e r s 
a r o u n d t h e I s l e s o f S c i l l y . w h i l e a g r i d 
s p a c i n g o f 2.5 n a u t i c a l m i l e s i s m ore u s u a l . 
:n c h e p r e s e n t w o r k a g r i d s p a c i n g o f 0.^ 
. T a u c i c a l m i l e s h a s b e e n a p p l i e d t o e a c h o f 
t h r e e m o d e l s c o v e r i n g c h e s e a a r e a s a r o u n d 
A l d e c n e y , G u e r n s e y a n d J e r s e y , T h e l i m i t o f 
r e s o l u t i o n i s d e t e r m i n e d b y c h e a v a i l a b i l l c y 
D f s u i t a b l e d e p c h d a c a ( o b c a i n e d f r o m c h a r e s ) , 
a n d by a v a i l a b l e c o m p u c i n g p o w e r . The i n p u c 
b o u n d a r y c o n d i t i o n s t o c h e s e f i n e m e s h m o d e l s 
a r e g e n e r a c e d f r o m a 2 n a u c i c a l m i l e m o d e l 
c o v e r i n g c h e G e n e r a l C h a n n e l . 
O u t p u t 
The r e s u l t s f r o m c h e m o d e l s , v a l u e s o f u a n d v 
ac e a c h g r i d p e i n e , a r e a n a l y s e d b y F o u r i e r 
n e t h o d s a n d che c o n t r i b u t i o n c o t h e c i d a l 
i c r e a m o t e a c h h a r m o n i c i s d e s c r i b e d by 
^ e l l i p s e p a r a m e c e r s : n a j o r a x i s , e l l i p c i c l t y . 
- r i e n c a c i o n and p h a s e c o r e a c h c o n s t i t u e n t . 
• EP.T'CAL STRLXT'JRE OF T I D A L STREAMS 
The d e p t h o f d e p l o y m e n t o f c i d e m i l l s ac a 
p a r t i c u l a r l o c a t i o n w o u l d be d e t e r m i n e d 
p r L m a r t i y b y e n g i n e e r i n g and e n v i r o n m e n t a l 
f a c t o r s , i n c l u d i n g t h e n e e d t o : 
a c h i e v e an a c c e p t a b l e d e s i g n c o n d i t i o n , 
n i n i n i s m g e x p o s u r e c o e x c r e m e wave 
l o a d n g s . a t a l l s t a t e s o f che c i d e ; 
r e d u c e t h e r i s k o f i n e e r f e r e n c e w i c h s e a 
s u r f a c e u s e r s . 
i n che C h a n n e l I s l a n d s p o t e n t i a l s i t e s e x i s t 
-r, w a t e r d e p t h s i n t h e r a n g e 30m t o 50m. w t c h 
c i d a i r a n g e s u p co 9m. P r e l i m i n a r y d e s i g n 
r o n s i d e c a c i o n s i n d l c a e e c h a t ehe c e n c r e l i n e 
: f t y p i c a l d e v i c e s w i c h b l a d e d t a r a e c e r s up t o 
16n w o u l d be D o s i t i o n e d a t a b o u c m i d w a t e r 
• i e p c h . 
O e t a i l s o f c h e v e r t i c a l s c r u c c u r e o f che 
s c r e a m w o u l d be r e q u i r e d i n che f i r s t i n s t a n c e 
f o r two n a l n p u r p o s e s . T h e s e a r e : 
1. t o p r o d u c e i m p r o v e d e s c i m a c e s o f p o w e r 
du c pu c ; 
-. CO d e c e r m t n e t h e m o s t s u i c a b l e d e p c h co 
d e p l o y c u r r e n c m e c e r s f o r f u c u r e s u r v e y 
w o r k . 
T a k i n g c h t s l a s c r e q u i r e m e n c , i n g e n e r a l 
c u r r e n c m e c e r o b s e r v a c l o n s a r e c o n f i n e d t o 
a l i m i t e d number o f f i x e d p o s i t i o n s i n t h e 
w a t e r c o l u m n and a r e q u i r e m e n c e x i s c s co 
c o n s t r u c c a c o n c i n u o u s p r o f i l e f r o m s u c h d a c a . 
W i t h c h i s I n m i n d , a r e v i e w o f m e c h o d s 
a v a i l a b l e f o r a n a l y s i s a n d m o d e l l i n g h a s b e e n 
u n d e r e a k e n . 
M o d e l l i n g 
P r e c i s e m o d e l l i n g o f ehe v e r e l c a l s c r u c e u r e o f 
c i d a l f l o w s l a c o m p l e x , a n d a s y e C no f u l l y 
c o m p r e h e n s i v e achcme h a s b e e n d e v e l o p e d w h i c h 
i s b r o a d l y a p p l i c a b l e . T h e m a r i n e b o u n d a r y 
l a y e r w i l l c o m b i n e f e s c u r e s o f s e v e r a l 
i d e a l i s e d f l o w s , S o u l s b y , ( 1 1 ) . V e r c i c a l 
s t r u c t u r e i s p a r a m e t e r i s e d I n c e r m s o f a 
v e r c i c a l e d d y v i s c o s i t y , c h e p r e c i s e 
p r e s c r i p t i o n o f w h i c h p r e s e n t s a n o b s t a c l e t o 
c h e g e n e r a l a p p l i c a t i o n o f t h r e e d i m e n s i o n a l 
n u m e r i c a l m o d e l s <Heaps, ( 8 ) ) . 
Se l e c t i o n o f a S l m p l i f l e d T e c h n t c j u e 
T h e m o s t w i d e l y d t s t r t b u c e d f o r m o f b o u n d a r y 
l a y e r o n che c o n t i n e n t a l s h e l f i s d e s c r i b e d a s 
o s c l l l a c o r y - p l a n e c a r y , i n w h i c h b o t h che 
o s c i l l a t i n g a n d Che r o t a t i o n a l n a c u r e o f c h e 
f l o w a r e c o m b i n e d . I n c h e r e s u L c l n g b o u n d a r y 
l a y e r , b o c h p h a s e and d l r e c c l o n v a r y w i c h 
h e i g h t , g i v i n g r i s e eo t i m e - d e p e n d e n t v e e r i n g . 
T h e e x t e n t t o w h i c h t h i s b e h a v i o u r r e q u i r e s 
e x a m i n a t i o n I n t h e p r e s e n t c o n t e x t d e p e n d s 
u p o n t h e w a t e r d e p c h I n a p a r t i c u l a r a r e a 
r e l a t i v e t o c h e p o t e n t i a l t h i c k n e s s o f c h e 
b o u n d a r y l a y e r . U n d e r c h e a e c o n d i t i o n s t h e 
g r o w t h o f t h e b o u n d a r y l a y e r I s r e s c r l c e e d a n d 
e h e w h o l e o f ehe w a c e r c o l u m n I s c u r b u l e n c . 
G e n e r a l f e a t u r e s , s u c h as p h a s e l a g a n d 
v e e r i n g , s t i l l e x l s e . b u c Co a l e s s e r e x t e n t . 
R e s u l t s ' f r o m a n u m e r i c a l m o d e l p r o d u c e d b y 
F l a t h e r . p r e s e n t e d by S o u l s b y ( 1 1 ) . I n d i c a t e 
t h a t t h e b o u n d a r y l a y e r i n c h e C h a n n e l I s l a n d s 
a r e a i s .:epch l l m t c e d . T h u s , f o r c h e p r e s e n c 
p u r p o s e , r a c h e r c h a n s e l e c c a c o m p l e x m o d e l 
w h i c h w i l l y i e l d o n l y q u a 1 i c a c i v e 1 y v a l i d 
r e s u l c s a n d i n e r o d u c e a d d l c t o n a l 
u n c e r t a i n t i e s , a o n e d i m e n s i o n a l a p p r o a c h 
d e s c i b e d b y P r a n d l e ( 1 2 ) h a s b e e n a d o p t e d . I n 
t h i s m o d e l , t h e a m p l i t u d e a n d p h a s e s t r u c t u r e 
o f a r e c t i l i n e a r c u r r e n t a r e d e r i v e d i n t e r n s 
o f S t r o u h a l n u m b e r . I t i s s u g g e s t e d ( 1 2 ) c h a c 
t h i s c e c h n i q u e c a n be u s e d co e s c a b l i s h t h e 
s t r u c t u r e o f f u l l y d e v e l o p e d t h r e e d i m e n s i o n a l 
f l o w s i f a p p l i e d s e p a r a t e l y t o t h e c l o c k w i s e 
a n d a n c l - c l o c k w i s e c o m p o n e n t s o f c h e c i d a l 
e l l i p s e . C o n e t n u o u s p r o f i l e s c a n be 
c o n s t r u c t e d f r o m d i s c r e c e o b s e r v a c i o n s v i a cwo 
m c e r m e d i a t e p a r a m e c e r s r e q u i r e d i n t h e 
d e r i v a t i o n o f t h e a b o v e m e t h o d . 
I n p r a c t i c e , when p r o f i l e s f o r a r a n g e o f 
w a t e r d e p t h s i n t h e C h a n n e l I s l a n d s a r e 
e x a m i n e d , t h e v e l o c i t y s t r u c t u r e o v e r t h e 
c e n t r a l p a r t o f t h e w a t e r c o l u m n , w h e r e a 
d e v i c e w o u l d be d e p l o y e d , i s s u b s t a n t i a l l y 
c o n s t a n t . 
T ECHNOLOGICAL CHOICES 
S t r e a m O r i e n t a t i o n 
T h e o u t p u t f r o m t h e m o d e l l i n g s c h e m e s 
d e s c r i b e d a b o v e g i v e s an i n m e d l a c e i n d i c a t i o n 
o f r e g i o n s w i c h h i g h maximum v e l o c i c i e s . a n d 
i c i s c e m p t t n g t o c h i n k o f c h e s e a s c h e 
o b v i o u a s i c e s f o r e x p l o t t a c l o n . T h e b a s i c 
s h a p e o f che c i d a l s t r e a m v e c t o r s o u g h t i s 
d e p e n d e n c u p o n t h e t e c h n o l o g y o f e x t r a c t i o n . 
To i l l u s t r a t e t h e v a r i a t i o n m e n e r g y c a o c u r e 
f o r d i f f e r e n c t i d a l s t r e a m s c o n s i d e r ' t h e 
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v 3 C i.aci.on f r o m t e c c i l i n e a r co c i r c u l a r s c r e a m 
through a s e r i e s o f e l l i p s e s . The v a r i a c i o n t n 
e n e r g y c a p c u r e d b y a f i x e d h o r i s o n c a l a x i s 
c u r b i n e a l i g n e d w t c h c h e maximum s c r e a m , a s a 
f r a c C L o n o f c h e c o c a l s c r e a m e n e r g y . I s s h o w n 
i n f i g . 1. F o r a r e c c i l i n e a r s c r e a m , a l l c h e 
e n e r g y i s a v a i l a b l e c o a b i d t r e c c t o n a l 
c u r b i n e . r e d u c i n g co a b o u c 4 3 1 f o r a c i r c u l a r 
s c r e a m . H o w e v e r , a c i r c u l a r o r n e a r c i r c u l a r 
s c r e a m m i g h c be v e r y a c c r a c c l v e b e c a u s e o f a 
h i g h v e l o c t c y , g i v i n g a s m a l l e r c u r b i n e f o r a 
g i v e n o u c p u c . I n c h e s e c i r c u m s t a n c e s o c h e r 
e n g i n e e r i n g o p t i o n s w o u l d h a v e t o be 
c o n s i d e r e d , f o r e x a m p l e a v e r t i c a l a x i s 
m a c h i n e , o r a h o r i z o n t a l a x i s m a c h i n e w h i c h 
c o u l d f o l l o w c h e f l o w d i r e c t i o n . The c h o i c e i s 
c o m p l e x , a n d w o u l d I n v o l v e a c o s c i n g o f c h e 
a 1 c e r n a c l v e s , Co be c o m p a r e d w i c h t h e v a l u e o f 
a n y a d d i c i o n a l e n e r g y e x t r a c t e d . I f c h e 
d e p l o y m e n c o f a ' s c a n d a r d ' d e v i c e w e r e b e i n g 
c o n s i d e r e d , t h e p r o c e s s o f s i t e s e l e c t i o n 
c o u l d be s i m p l i f i e d . E x a m i n a t i o n o f t h e f u l l 
r a n g e o f r e s u l t s f r o m t h e s i m u l a t i o n s c h e m e 
n i g h c w e l l i n d i c a t e o v e r w h e l m i n g o c c u r r e n c e o f 
s t r e s r - s w h i c h f a v o u r e d a p a r t i c u l a r d e v i c e 
t y p e . 
P h a s e D i f f e r e n c e s 
:n a d d i t i o n t o t h e m a g n i t u d e a n d ' s h a p e ' o f 
t h e i n d i v i d u a l s t r e a m s , c h e r e l a c l v e p h a s e , 
c h e d i f f e r e n c e t n c h e c l m e o f maximum f l o o d , , 
b e c w e e n a d j a c e n c s i c e s g i v e s r i s e co c h e 
m c e r e s t i n g p o s s i b i l i c y o f p r o d u c i n g a 
c o n t r i b u t i o n co f i r m p o w e r . 
C o n s i d e r a c o m b i n e d c l d a l s c r e a m a n d d i e s e l 
g e n e r a t i n g s y s c e m w i c h cwo t i d a l s t r e a m u n i t s 
e a c h o f maximum o u t p u t L / 2 . I t i s p a r t i c u l a r l y 
u s e f u l t o c o n s i d e r c h t s c o m b i n a t i o n as c h e 
u n i t w h i c h w o u l d b e i n t r o d u c e d c o an i s l a n d 
s u p p l y . I n c h e c a s e o f A l d e r n e y i t m a t c h e s t h e 
s n a l i u n i t by s m a l l u n i t a p p r o a c h n e c e s s a r i l y 
a d o p t e d co p l a n e r e p l a c e m e n c a n d c a p a c i t y 
i n c r e m e n t , w h i l e o n che l a r g e r I s l a n d s i t 
w o u l d n a t c h a p o l i c y o f s n a i l s c a l e s u p p l y 
•z L v e r s i f L c a t i o n . 
Two c o n f i g u r a t i o n s a r e e x a m i n e d , i n p h a s e a n d 
e x a c t l y o u t o f p h a s e . 
1.0 
0.5 1.0 
E l 1 i p t i c t t y 
F i g - I O u t p u t a n d E l l i p t i c i t y 
I n p h a s e 
B o t h o f t h e c l d a l s c r e a m g e n e r a c o r s o p e r a t e i n 
s c r e a m s w h i c h a r e I n p h a s e . The p o w e r o u t p u t 
o f a c y c l e c a n b e a p p r o x i m a t e d b y : 
Maximum o u t p u t i s L a n d m i n i m u m o u c p u c i s 0. 
s o c h a t a d i e s e l o f c a p a c l c y L w o u l d be 
r e q u i r e d co f o l l o w che c t d a l o u c p u c a n d 
m a l n c a l n a c o n s t a n t r e q u i r e d l o a d L. 
O u t o f p h a s e 
The two t i d a l g e n e r a c o r s o p e r a c e i n s c r e a m s 
w h i c h a r e o u t o f p h a s e b y 90 d e g r e e s , s o t h a t 
Che p o w e r o u c p u c o v e r a c y c l e c a n be 
a p p r o x i m a t e d b y 
p - 1^ coa'wt • ~ coa ' lt»t-90) 
M a x i o u f f l o u t p u t i s L . a n d m i n i m u m o u t p u t i s 
0 . 3 5 L , s o t h a t a d i e s e l o f c a p a c i t y 0 . 6 5 L 
w o u l d be r e q u i r e d t o f o l l o w c h e c i d a l o u c p u c 
a n d m a l n c a i n a c o n s c a n c r e q u i r e d l o a d L. T h e 
d i f f e r e n c e b e t w e e n c h e t w o c a s e s I s s h o w n t n 
f i g . 2. 
B e n e f i t 
R e f e r r i n g t o f i g . 2, c h e o u t o f p h a s e c a s e 
s h o w s a c a p a c i t y s a v i n g o f 3 5 1 w i c h c h e 
r e n e w a b l e c o n t r i b u t i o n t o f u e l r e p l a c e m e n t 
u n c h a n g e d . An a d d i c i o n a l , a n d p o s s i b l y m o re 
I m p o r t a n t , r e s u l t i s t h e I m p r o v e d o p e r a t i n g 
c o n d i t i o n s f o r t h e d i e s e l . w i t h b e n e f i c i a l 
c o n s e q u e n c e s f o r p l a n e l i f e a n d m a i n t e n a n c e 
c o s c a . T h i s l a c l e a r l y s e e n i n f i g . 2. w h e r e 
Che l o a d v a r i a c i o n I n c h e o u c o f p h a s e c a s e i s 
s m a l l , a n d an o p t i m u m mean l o a d c o u l d be 
s e l e c t e d , w h i l e t h e l o a d v a r i a t i o n i n t h e i n 
p h a s e c a s e i s v e r y l a r g e , m a k i n g i t i m p o s s i b l e 
CO s e l e c t a n o p t i m u m c o n d i t i o n f o r c h e d i e s e l . 
A p a i r : f s u c h o u c o f p h a s e s i c e s e x i s c s o f f 
G u e r n s e y , a n d i c i s e x p e c t e d c h a c m ore w i l l be 
l o c a c e d a s m o d e l l i n g i s c o m p l e e e d . 
The b e n e f i c s c o be o b c a i n e d f r o m s e l e c t i o n o f 
o u t o f p h a s e s i t e p a i r s a r e s t r o n g l y d e p e n d e n t 
o n s e l e c t i o n o f c h e s i c e , e m p h a s i s i n g t h e n e e d 
f o r c a r e f u l m o d e l l i n g . T h i s i s i l l u s t r a c e d i n 
f i g . 3, s h o w i n g c h a t t h e 3 5 1 c a p a c i t y s a v i n g 
a t 90 d e g r e e s o u c o f p h a s e f a l l s away a s c h e 
s i c e s become more n e a r l y i n p h a s e , r e a c h i n g 
o n l y 1 1 1 s a v i n g ac 60 d e g r e e s o u t o f p h a s e , 
f o r e x a m p l e . The b e n e f i t co d i e s e l o p e r a t i o n 
f a l I s away a l s o . 
o u c o f p h a s e 
90 180 
T i d a l A n g l e , d e g r e e s 
F i i ^ . 2 E f f e c e o f P h a s e o n O u c p u c 
A9.45 
f l o o d • tibb asvmiTiec r v 
Anocher - I d a l screaci f e a c ure which i s 
i n d i c a t e d by I n i t i a l r e s u l t s i s f l o o d - e b b 
asymnetry. Where c h i s phenomenon e x i s c s i c i s 
p o s s i b l e CO envisage s i n g l e - d i r e c c i o n d e v i c e s 
p o s i t i o n e d i n asymoecrles o f che o p p o s l c e 
sense g i v i n g r i s e CO power over che complete 
c i d a l c y c l e . Regions d i s p l a y i n g such 
c h a r a c c e r i s c t c s e x l s c Co che norch ea»c and 
souch ease of A l d e r n e y , where chere are 3 h 
and 9h ebb and f l o o d p e r i o d s , ouc of phase. 
This c h a r a c c e r i s c t c Is r e p o r c e d by Warburg, 
i i . ) . and c o n f i r o e d by m o d e l l i n g . In c h i s c a s e . 
Ihe advantage would H e In a coat s a v i n g 
a s s o c i a t e d w i t h the s i m p l e r t e c h n o l o g y of 
s i n g l e - d l r e c c l o n d e v i c e s . 
CO:.'CLCS:ONS 
The f i n a n c i a l v i a b l l i c y o f t i d a l s c r e a m e n e r g y 
s c h e m e s h a s b e e n d e m o n s c r a c e d c o be j u s c 
p o s i t i v e i n a s m a l l number o f c a s e s , t n c h i s 
s i t u a t i o n , as i n c h e c a s e o f o t h e r r e n e w a b l e s , 
s e l e c t i o n o f a s i c e f o r a f i r s c I n s c a l l a c l o n 
b e c o m e s a m a c t e r o f v e r y c a r e f u l 
: o n s i d e r a c l o n . a n d I t I s h e r e t h a t c h e u s e o f 
T i o d e l s o f t h e r e s o u r c e b e c o m e s e s s e n c l a l . T h e 
s e l e c t i o n o f s u i t a b l e m o d e l s f o r t h i s p u r p o s e 
h a s b e e n d i s c u s s e d , a n d c h e l r u s e I n c h e 
s e l e c c l o n o f t e c h n o l o g y l l l u s c r a c e d . 
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J 30 60 ^O 
P h a s e d i f f e r e n c e 
^. ; P h a s e a n d C a p a c i t y S a v i n g 
R E F E R E N C E S 
1. C a v e , P.R. a n d E v a n s . E.M., ! 9 8 S . 
" T i d a l s c r e a m s a n d e n e r g y s u p p l y i n t h e 
C h a n n e l I s l a n d s " , P r o c . E n e r g y f o r R u r a l 
a n d I s l a n d C o m m u n i t i e s l^, T n v e r n e s s , 
m - U 4 , P e r g a m o n . 
2. C a v e , P.R. a n d E v a n s , E.H.. 1 9 8 6 . 
" T i d a l s c r e a m e n e r g y : e c o n o m i c s , 
t e c h n o l o g y a n d c o s t s " , P r o c . W a c e r f o r 
E n e r g y . S r i g h c o n , 1 ) 3 - 1 4 5 , BHSAT 
3. S P 2 6 4 , " T i d a l s c r e a m a c l a s . c h e C h a n n e l 
I s l a n d s a n d c h e a d j a c e n c c o a s t s o f 
F r a n c e " , H y d c o g r a p h i c O e p a r c n e n c o f c h e 
A d m i r a l t y . 
4. W a r b u r g . H.D.. 1 9 4 5 , 
" T i d a l s c r e a m s o f t h e w a c e r s s u r r o u n d i n g 
c h e B r i t i s h I s l a n d s and o f f che U e s c a n d 
N o r t h C o a s c s o f E u r o p e " , H y d r o g r a p h i c 
D e p a r t m e n t o f c h e A d m i r a l t y . 
5. G l e n . M.C.. 1 9 8 4 , 
" T i d a l s c r e a m d a c a : p r e s e n c a c l o n Co t h e 
m a r i n e r " , I n t • H y d r o R r a p h l c R e v i e w . L X l ( 2 ) , llVTibT — 
6 G e o r g e . K . J . a n d E v a n s , t.H.. 1 9 8 5 , 
" S e m i - d i u r n a l a n d q u a r t e r - d i u r n a l c i d a l 
s c r e a m s " , H y d r o g r a p h i c J o u r n a l . 38. 13-
7. S c r i v e n s , R . F . , 1 9 8 6 . 
p r l v a c e c o m m u n l e a c l o n , U.S. O c e a n 
S y s t e m s . 
8. H e a p s , N.S.. 1984 
" D e v e l o p m e n t o f n u m e r i c a l m o d e l s f o r t h e 
p r e d l c c l o n o f c u r r e n t s " , P r o c . One Day 
C o n f e r e n c e on C u r r e n c M e a s u r e m e n t s . 1-24, 
S o c i e t y t o r ~ t 7 n d e r w a c e r T e c h n o l o g y , 
9. P i - g r e e , R.O, a n d M a d d o c k . L., 1 9 7 7 . 
" T i d a l r e s i d u a l s I n t h e E n g l i s h C h a n n e l " , 
i. ^ a r . 3 i o l . A s s . U.K., 57, 3 3 9 - 3 5 4 , 
10, P i n g r e e , R.D, and M a d d o c k , L , , 1 9 8 6 , 
" S t o k e s , E u l e r a n d L a g r a n g e a s p e c t s o f 
r e s i d u a l c l d a l c r a n s p o r c i n c h e E n g l i s h 
C h a n n e l a n d t h e S o u t h e r n 3 i g h c o f t h e 
N o r c h S e a " , J , M a r , B i o l , A s s . U.K.. 6 5 , 
9 6 9 - 9 8 2 , 
11 . S o u l s b y . R . L . , 1 9 8 3 , 
"The b o c t o m b o u n d a r y l a y e r o f s h e l f 
s e a s " . P h y s i c a l O c e a n o R r a p h v o f C o a s t a l 
a n d S h e l l S e a s . 3 . J o h n s ( E d . ) , E l s e v i e r , 
A m s t e r d a m , 1 9 8 - 2 6 6 , 
1 2 . P r a n d l e . 0.. 1 9 8 2 , 
"The v e r c t c a l s t r u c t u r e o f c i d a l c u r r e n t s 
a n d o t h e r o s c i l l a t o r y f l o w s ' , C o n t i n e n t a l 
S h e l f R e s , 1., 1 9 1 - 2 0 7 . 
A9.46 
